NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



114 379- 


Report No. WMCS-Q01 


i'r’ 

NASA CR' 


FINAL REPORT 


for the 

WIRELESS MICROPHONE COMMUNICATION SYSTEM 
TELEPHONICS P/N 484D000-1 


for the 


SPACE SHUTTLE ORBITER VEHICLE 
Contract No. NAS-9-14824 


(NASA-Ck-160731) WLBELE3S lUCKUPHuNE 
COMM ONICAIIO N SYSTEM TEIEPHCNiLS P/N 
484D 000-1 (Telephonies, Huntington, N.Y.) 

281 p BC A13/MF A01 CSCL V7B 


G3/3 2 


isOO-2657 3 


Hnclds 

23369 





ABSTRACT 


The Wireless Microphone designed and developed by 
Telephonies Corporation is a lightweight, portable 
and wireless voice communications device for use by 
the crew of the Space Shuttle Orbiter. The Wireless 
Microphone allows the crew to have normal hands-free 
voice communication while they are performing various 
mission activities. The unit is designed to transmit 
at 455 or 500 kilohertz and employs narrow band FM 
modulation. Two o r thog onal ly placed antennas are 
used to insure good reception at the receiver. 
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SUMMARY 


OBJECTIVES 


Voice communications between crew members of the Space Shuttle Orbiter 
play a-vital role in the successful mission of the space craft and 
therefore necessitated a need for reliable communication systems and 
equipment. Since it is highly probable that crew members will be away 
from their assigned stations, and, at these times have the need for 
verbal communication, the requirement for development of the Wireless 
Microphone Communication System became obvious. 

SCOPE 


This Final Report provides information pertaining to the development 
of the Wireless Microphone Communication System. The report provides 
in depth coverage of the investigation, tests, and evaluation of the 
following : 

• Propagation methods leading to the selection of a 455 KHz 
carrier frequency as described in Appendix A. 

• Equipment oesign and modification which is described in 
Appendix B. 

• Tests performed on the equipment as described in Appendix C. 


• Schematics are provided m Appendix D. 


• In addition, separate invest 
headsets best suited for use 
Communication System. Final 
these items and are included 

• Test results are provided in 


gations were made on various 
with the Wireless Microphone 
reports have been published on 
in this report (see Appendix E) . 

Appendix F. 


TECHNICAL CONSIDERATIONS 


A major effort involving the development of a multi-channel two-way 
communication system was pursued, but, due to subsequent financial lim- 
itations, the resulting end product design became a two-channel one-way 
communication system of which four transmitters and two receivers were 
delivered. As a final modification made prior to delivery, a limited 
multi-channel option was included to enable the transmitters to broad- 
cast on either ICOM or PTT basis. This last minute addition, coupled 
with limited funding remaining, could not result in completely fool- 
proof implementations. 
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RESULTS 


Of the four methods of wave propagation (magnetic, RF, optical, and 
acoustic) investigated for use in the Wireless Microphone Communication 
System, it has been determined that magnetic coupling best 'matched the 
operating and propagation environment of the metallic spacecraft en- 
vironment. 

Magnetic field strength did not exhibit the deep nulls that could be 
experienced at RF frequencies or be as sensitive to path or transducers 
blockage as the optical or ultrasonic links. While the RF links were 
more efficient for a given transmitted power, the advantage was of 
small consequence within the short propagation distances of the cabin. 
Optical and RF links could provide larger bandwidths that the magnetic 
or ultrasonic but for the voice band that was needed, the advantge was 
of little value. The receiver at the magnetic frequency of 450 KHz 
did not require the superheterodyning of the RF receiver at VHF . The 
optical system required multiple radiation diodes to overcome possible 
path interference and even with the best of diode layout could not as- 
sure complete freedom from diode blockage. 

The interference of the wireless communicator with other spacecraft 
equipment required great care with the RF system. However, based upon 
the NASA supplied data on spacecraft frequencies an RF frequency at 
400 MHz would have been satisfactory; the 450 KHz magnetic frequency 
caused no interference. 

CONCLUSIONS 

Conclusions derived from the investigations conducted during the devel- 
opment of the Wireless Microphone Communication System are as follows: 

• Magnetic coupling proved to be the best method of wave pro- 
pagation which was selected for this purpose. 

• The equipment, as built, has the necessary characteristics 
to meet requirements as demonstrated by the performance 
tests but has not yet been refined to a final configuration 
suitable for direct inclusion in the wireless microphone 

or in the receiver/SMU portion of the Audio Distribution 
System. 

RECOMMENDATIONS 

Recommendations offered by this Final Report are as follows: 

• Work should be continued to build a wireless microphone 
communication system that uses fully militarized and NASA 
components leading to a system with improved reliability 
and reproducibility. 
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• Build a receiver unit with equivalent characteristics to 
that of the transmitter and package the receiver to fit 
into the SKU of the Audio Distribution System. 

• Expand the Wireless Microphone Communication Sys'tem to en- 
able two-way communications. 

• Adequate funding be provided to enable the development and 
subsequent delivery of a multi-channel system with two-way 
communication possibilities. 
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MAIN BODY OF REPORT 


INTRODUCTION 

This section of the final report reviews the design considerations of 
the Wireless Microphone System delivered to NASA under this contract. 
First# a review of Telephonies' study of the prior art ana available 
equipment is presented which reveals several basic shortcomings of 
such available equipment when used in a space vehicle environment. 
Secondly, the synthesis of a suitable system is discussed in detail. 
Finally, reasons for the particular circuit design are discussed in 
relation to the technical specifications of the contract. 

The purpose of the Wireless Microphone is to provide crew members of 
the Space Shuttle Orbiter with a communications capability while away 
from their normal station positions. The wireless microphone elimi- 
nates the need for connecting umbilical cables which would be incon- 
venient, interfere with free movement, and possibly even be hazardous. 
In the "VOX" mode, it permits hands-free automatic operation so that 
the crew member can concentrate on various mission activities. 

DISCUSSION 

A review of prior state-of-the-art and available equipment was made 
in which three sources of information were researched: (1) final re- 

ports of military study contracts, (2) technical journals of various 
engineering societies and (3) catalogs and data sheets of commercially 
available equipment. Briefly, in making this review, it became quickly 
oovious that none of these references and equipment designs dealt ade- 
quately with signal fade-out due to nulls caused by strong reflected 
waves when operated inside a metallic enclosure such as the space 
shuttle. In order to reduce the probability of a drop-out, standard 
practice was to use more than one receiver either in frequency or 
space diversity. Still, the drop-out probability was nowhere near the 
zero percent value which Telephonies felt was mandatory for a space 
application. In addition, there was the problem of avoiding antenna 
directional characteristics which would also produce nulls or signal 
drop-outs. This is the characteristic of wire or whip antennas. Fur- 
thermore, such antennas can be easily detuned by touching them, they 
take up space and interference with crew movements, they are a hazard 
to eyes and can easily be broken off. All of this rules out the whip 
antennas that are used in wireless microphone equipment. 

All of the commercial systems we know of use frequencies above 20 mega- 
hertz. At these frequencies, narrow band voice frequency channels re- 
quire precise crystal-controlled superheterodyne or double superhetero- 
dyne receivers. ■ Transmitters also require crystal control and, in the 
case of FM modulation preferred over other forms of modulation, the 
portable package carried by the crew man becomes too complex, bulky, 
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ana power-hungry. All of this tends to degrade reliability and mater- 
ially raise costs. It was clear that the communications industry had 
never aadressed itself to the unique requirements of NASA. 

Lastly, a choice of frequency had to be made. Certainly, the whole of 
the radio frequency spectrum is, for all practical purposes, saturated 
world-wide. While the system is to operate within the craft, it is not 
shielded against high frequency signals due to the relatively large 
window openings. While NASA's contract does not specify a secure sys- 
tem free of jamming, Telephonies has taken this into full consideration. 


NASA requires the wireless microphone to operate within the space 
shuttle in the upper flight deck and in the lower living quarters deck. 
The two decks are connected by a passage way opening about 30" in di- 
ameter. Tne wireless microphone transmitters are to have a choice of 
two operating frequencies, one for the upper deck and one for the low- 
er deck. This avoids the interference that would be caused when crew 
members are near the opening between decks and only one frequency is 
used for both decks. Each deck is provided with a receiver so posi- 
tioned as to limit the maximum operating range from the transmitter to 
11 feet. NASA nas located the receivers on the rear bulkhead in the 
best position to keep the operating range to a minimum. 

It is our understanding from discussions with Rockwell that the re- 
ceiver locations are just below fluorescent lights located less than 
one foot from the receiver antenna. At this time we do not know if 
these lights are shielded or what the noise level at the antennas will 
be. Since we lack definite data on noise level to be expected within 
the craft, it was decided to design the transmitter for one watt input 
to its antennas. Should this power not be needed, this level can be 
easily lowered by changing the value of one resistor. 


One watt appeared to be close to the maximum power that could be drawn 
from the new Mallory Lithium Organic batteries and have them last the 
expected 90 hour mission time. The lithium organic cells, unlike 
other types of lithium cells, have a proven record against explosion, 
even with unrealistic extremes of tests. This, coupled with a built- 
in fuse to limit the maximum possible short-circuit current, further 
guarantees protection against its explosion. It is to be remembered 
that all batteries can rupture or explode under short-circuit condi- 
tions. Full information submitted by the lithium battery division of 
Mallory has been presented to NASA for evaluation. This type of cell 
is remarkable in that it has several times the watt-hour capability 
of any other kind of battery for a given weight or size. During the 
course of this contract, no preference could be determined from NASA 
or Rockwell with respect to a choice of small cells, to be replaced 
during the mission, or larger cells to last the duration of the mis- 
sion. The latter was Telephonies' choice and the design was imple- 
mented accordingly. VOX or PTT transmitter operation is required by 
NASA, and such operation conserves battery power. No firm figure 
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could be determined, however, either from NASA or Rockwell, as to the 
probable ratio of ON to OFF time. This ratio and the power required 
to override noise are certainly difficult matters to determine and 
Telephonies appreciates this. Hence, it was planned to make the bat- 
tery pack separate from the transmitter so that it is simple to rede- 
sign the pack without distrubing the transmitter design, This type of 
cell has a nominal voltage of 2.92 volts which, under light loads, re- 
mains almost as constant as a mercury battery to the eno of its life. 
This considered, it was decided to design the transmitter circuits to 
operate on a 6V supply. 

In order to avoid nulls produced by strong reflections, the wavelength 
of the signal must be muen larger than the spacecraft dimensions. For 
this reason, low frequencies of 455 and 500 kilohertz were chosen, 
corresponding to wavelengths of 660 and 600 meters, respectively. 

Since the maximum dimension in either the upper or lower deck compart- 
ments is about seven meters, reflections from the walls will be in 
phase for all practical purposes. With the direct and reflected waves 
in phase, the two will add and noticeably improve the signal level. 

With the receiving antennas less than one inch from an aluminum re- 
flecting surface, there will be about a 6 dB improvement in signal 
level due to the first reflection. 

At these low frequencies, very compact ferrite antennas are practical 
for covering the small range (11 feet) inside the craft. For this 
short range, use is made of the near magnetic field. In effect, the 
transmitter and receiver antennas constitute loosely coupled trans- 
former windings. Strength of this coupling decreases as the inverse 
cube of distance, hence the system is inherently a short range one 
which insures security and freedom from jamming. Furthermore, the 
craft’s relatively small window openings, compared to wavelength, will 
substantially attenuate signals entering and leaving the craft. The 
rapid attenuation of the signal with distance also guarantees that 
multiple reflections will not cause nulls due to increasing phase dif- 
ferences. 

In order to make an omnidirectional system with ferrite antennas, the 
transmitter requires two bar antennas mounted orthogonally and excited 
by two signals in time quadrature. Also, two independent receivers 
with ferrite antennas mounted orthogonally are required to avoid nulls 
due to the directional characteristics of the antennas. The orthogonal 
relationship of each set of antennas is in the form of an "X”, rather 
than an "L", in order to avoid objectionable mutual coupling between 
antennas. 

The transmitter antennas are 2.5" long with a cross-section of 0.48" 
x 0.12". The receiver antennas are 3.75" long with the same cross- 
section. We find these antennas can be mounted as close as 0.5" from 
an aluminum surface with the 0.48" dimension parallel to the surface 
without any significant degradation in performance. This applies to 
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both the receiver ana the transmitter. Tests show that detuning due 
to hand capacity, O.b" from the antennas, does not degrade performance 
to any noticeable extent. Since the efficiency of a ferrite antenna 
is extremely low for the power input used in this system, the radiateo 
power density 10 meters from the antenna will be less than 'one micro- 
microwatt. Each time the antenna length is cut in half, the range is 
cut in half for a given power. Through a series of experiments, 
Telephonies hus reduced the length of the transmitter and receiver 
antennas until transmitter battery power reached one watt for a range 
of 22 feet. At this ranee, FM reception was clear, quiet ana solid 
for all relative positions of transmitter and receiver antennas. The 
noise environment of the Telephonies Lab is judged to be a very high 
one due to many large fluorescent lights that are closely spaced and 
about eight feet above the floor. Here the characteristics of an FM 
system, wnich suppresses noise and holds signal level constant with 
large signal strength variations, proved highly useful. (A full study 
of this system's RFI immunity was made and was discussed in Test No. b 
of the report made to NASA on September 15, 1976 (see Appendix D) . 

From the above, it is seen that battery size vs. antenna size must be 
a traae off. This also involved the decision to have a separate bat- 
tery pack last the duration of the mission which is at most seven days. 
A study of the Mallory Lithium Organic Cells shows the LO-30 size cap- 
able of meeting these requirements for an ON/OFF duty time of 15%. 

This cell is slightly smaller than a D size cell, 1.16" diameter and 
2.35" long, with electrical ratings of 7.5 A/Hr., 160 mA rated drain, 
and an open circuit voltage of 2.92V. The cell must be operated about 
12 minutes to bring the voltage up to its rated value. Under load, 
the cell voltage will be 2.«5V until about 90% of its life is reached, 
thereafter it begins to roll off rapidly. For 160 mA and 90% life 
cell will last 42 hours. For 15% ON/OFF duty, the cell will last 28u 
hours. Two cells are required for the 5.70V transmitter supply design. 

ze . 


This study formed the basis of the system recommended by Telephonies, 
which considers many special requirements. In the future, Telephonies 
believes this system can easily be extended in range by the use of 
more than one set of receivers. The simplicity of the receivers (two 
mount on a plug board 3" x 5") makes this practical. This simplicity 
also could make a two-way system practical. 

TRANSMITTER DESIGN 

The system proposed uses narrow band FM moudulation where the modula- 
tion index is unity. The audio frequency range is 300 - 3000 Hertz. 

The system is capable of being modulated down to dc. This is necessary 
because a momentary dc controlled shift in transmitter frequency is 
used to generate a signal which activates . the receiver ICOM mode. 



Cells smaller than the LO-3U drop rapidly in efficiency for their si 
Also, efficiency drops about 30% for temperture extremes of -20° and 
125°F . 


With an index of one, the bandwidth will be 6 kilohertz. A bridge T 
type oscillator is modulated by means of back-to-back varicap capaci- 
tors. Oscillation amplitude is held constant and in class A operation 
by diode limiters. The supply voltage is held constant by a zener 
diode. Overmodulation is prevented by back-to-back diodes ''which limit 
the modulation voltage to l.uV pp. The microphone amplifier low power 
IC is capable of sufficient gain to work with any low level, low impe- 
dance microphone. It is recommended that the gain be set for 12 dB 
clipping by the modulation limiter diodes to improve the signal/noise 
of the system. This type of FM modulated oscillator is sufficiently 
stable to stay well within the wider passband of the receiver over the 
required temperature range. Associated with the microphone amplifier 
are the VOX circuits. Attack and hold time constants are separate. 

In VOX operation, the standby power consumption is kept as low as pos- 
sible (12 row) . 

The oscillator provides two output signals phased 90° apart. This is 
accomplished by an R-C network connected to the collector and emitter. 
This network requires the signals at the collector and emitter. This 
network requires the signals at the collector and emitter to be equal 
in amplitude, hence Rl-5 and Rl-6 are made equal. In order to avoid 
loading this network and the oscillator, two buffer FET amplifiers are 
used between the oscillator and the final power amplfiers. The power 
amplifiers are Class C type, using 2N3467 transistors. These are con- 
servatively rated for the 0.5 watt output to each ferrite antenna. 

They are also able to take the extra load prior to tuning the antenna 
in production. 

The final amplifiers have sufficient drive to cause the collector to 
saturate and essentailly produce a square wave output, thereby keep- 
ing efficiency as high as possible. The 7.5. ohm resistor in the col- 
lector is small compared to the antenna input impedance and limits 
current before the antenna is tuned in production. 

The transmitter is designed to operate at 455 and 500 kilohertz. This 
requires the frequency of the oscillator tuning and the tuning of two 
ferrite antennas to be changed. The simplest way to change oscillator 
tuning is to switch between two pretuned slug-tuned inductors. The 
simplest way to change antenna tuning is to switch between pretuned 
capacitors. The most practical way to do this is to use miniature 
TO- 5 latching relays, one located close to the oscillator and another 
in the subassembly containing the antennas, final power amplifiers and 
associated tuning capacitors. This plastic protected subassembly mea- 
sures 2.25" x 2.25" x 1.25" and is carefully designed with a PC board 
assembly to insure short rigid leads between various associated compo- 
nents. This package has to be plastic to permit radiation from the 
antenna. 

The remainder of the circuits, consisting of the low level audio ampli 
fier, VOX, modulation components, oscillator and buffers, are enclosed 
in a shielded package of the same size as above. These circuits must 
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be highly shielded against the magnetic field radiated by the antennae 
feu proper and stable operation. All control switches and the micro- 
phones and battery connectors are mounted on this subassembly. The 
two subassemblies are then combined to form the complete wireless 
microphone package measuring 4.5" x 2,25" x 1,25". 

* 

The transmitter is provided with three switch controls. The selection 
of either 45s> or buu kilonert 2 is made by a three-position switch. 

Moving this switch momentarily to one side or the other of the normal- 
ly-off center position sets latching relays for one frequency or the 
other. Another three position switch has a center position for trans- 
mitter idle, one momentary position for PTT ICOM and the other momen- 
tary position for PTT XMIT, The third switch has two steady positions, 

one for Vox, tne other for VOX . The transmitter is completely off 
with no power orain in the VOX position only. Tne VOX mode operates 
only in conjunction with the XMIT mode, 

RECEIVER DESIGN 

The receiver design is just Bn important as the transmitter design in 
order to obtain a smoothly operating, reliable overall system. Prior 
existing receiver equipment far from meets the special requirements of 
this application. 

Even though tne transmitter radiates an onmidirectional signal, two 
receiving antennas are required, orthogonally placed to insure recep- 
tion for all positions relative to the transmitter antennas. Further- 
more, it is not possible to combine signals from these receiving an- 
tennas into one receiver, because some position may be found where the 
signals in eacn antenna are equal but opposite in phase, thereby giv- 
ing zero output. It is therefore necessary to use two receivers and 
to select the best signal automatically for 100% reliability in all 
positions of the antennas. This sounds complicated and appears to re- 
quire much equipment. As will soon be seen, however, this is not the 
case. Actually, both receivers (less their antennas) could be mounted 
on a 3" x 3" PC board with a maximum parts height of 0.75". This com- 
pactness enables the receivers to be mounted in the SMU at the cost of 
a small increase in the height of its housing. The two antennas, in 
the form of an "X", are mounted in front of the SMU speaker. They 
will be encased in a tough plastic housing which makes them mechani- 
cally reliable. Tests show that the sound pattern is not noticeably 
affected by this antenna arrangement in front of the speaker. (Test 
results for this arrangement are given an an attachment to this report.) 

At the low frequencies of 455 and 500 kilohertz, it is not necessary 
to use a superheterodyne frequency conversion receiver. This factor 
alone constitutes a substantial step in reducing complexity and space 
requirements. Furthermore, a local oscillator with its radiation pro- 
blems is avoided. Two receivers are to be furnished NASA under this 
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contract (each is actually two receivers as described above), one oper- 
ating at 4 i? j> and the other at but) kilohertz. As discussed earlier, 
each deck of the craft will use a different frequency. The two re- 
ceivers have the same design and differ only in the tuning of the 
antenna, the frequency of a ceramic bandpass filter, the tuning of the 
discriminator and the tuning of a third harmonic circuit to be discus- 
sed later. 

Thus, these FM receivers are supplied fixed-tuned to one frequency. 

Due to the nature of an PM receiver, the output signal level will re- 
main constant regardless of signal input level so long as limiting 
exists. A unique means is provided in each receiver to gate off the 
output audio before any noticeable degradation of quality or any no- 
ticeable reduction in signal/noise occurs due to a drop of input sig- 
nal level. No objectionable noise bursts are allowed before gate-off 
occurs when the transmitter is cut off. Should a fade-out occur for 
one receiver, a selector circuit will switch to the other receiver if 
it is providing a good signal. The selector will hold this signal so 
long as it is good, even though the other receiver may have returned 
to good operation with a stronger signal input. This switching be- 
tween receivers is free of transients and is fast enough not to be 
noticeable. Since the audio signal output is fed to the SMU, which 
has an automatic gain control, neither the transmitter nor the re- 
ceiver needs AGC. The receiver audio output is over one volt rmc with 
a driving impedance of 2uu ohms. Receiver sensitivity is sufficient 
to operate properly at a 22 foot range, which is twice the maximum 
range encountered in the space shuttle. Since the transmitted signal 
attenuates Id dB each time distance is doubled, it is believed this 
design has a conservative safety factor. 

The receiver antennas use the same type of ferrite that is used in the 
transmitter: Ferroxcube Q-l material with an initial permeability of 

125, a cross section of U.4d" x 0.12" and a length of 3.75". The wind- 
ing uses 160 turns of No. 2d c ipper wire. The Q of the tuned antenna 
is 20, giving a bandwidth of 21 kilohertz at 500 kilohertz and 22.5 
kilohertz at 455 kilohertz. (lbe bandwidth is much greater than the 
6.U kilohertz bandwidth of the transmitted signal and is therefore not 
critical.) The impedance of the antenna is about 60K ohms. This high 
impedance requires the first amplifier to have a high input impedance. 
The SD-3U4, made by Signetics, is a dual gate FET capable of very low 
intermodulation at high signal levels. Other strong signals or noise 
components that may be present in the craft therefore have less chance 
of causing intermodulation with the desired signal. The antenna is 
capable of generating several thousand microvolts when the transmitter 
is very close to the receiver. In the future, more than one transmit- 
ter might be used in the same chamber, so it is desirable to avoid a 
serious intermodulation problem. 

The output of the first amplifier couples to a bandpass filter where 
practically all the selectivity of the receiver is obtained. This 
filter is a very compact one that will meet the MIL and NASA specs. 
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It uses ceramic discs to produce a bandwidth of 16 kilohertz at the 
6 dB points and an attenuation of 50 dB at twice this bandwidth. This 
filter, made by Vernitron, is about .327“ in diameter and 1,17" long . 
The filter output is coupled to a TV-FM chip by means of a matching 
transformer which provides a voltage gain of 12 dB. The minimum limit 
ing level of this chip (3065, made by several firms and meeting Mil./ 
NASA specs when packaged in a ceramic case) is 200 uv. This chip lim- 
its the signal at the l.ov p-p level, detects the signal with a quadra 
ture detector requiring a single tuned circuit, amplifies the audio 
signal to 1.0V rmc ana also provides an electronic attenuator which is 
used to mute the output when transmission ceases or drops below the 
limiting level as doscr ioeo above. 

The circuit that selects the signal from only one of the receivers is 
a form of flip-flop circuit with some hysteresis to prevent jitter 
when the two control signals are equal. Each control signal is de- 
rived from the output of the last limiter. The selector circuit oper- 
ates on the principle that as long as limiting occurs, a square wave 
output will be present and this will contain a third harmonic compo- 
nent signal. This signal is detected in each receiver and is used to 
control the flip-flop in such a way as to obtain the audio switching 
and muting described earlier. The two receivers use a total of one 
watt power from a single-ended supply of 12 VDC. 

The overall total harmonic distortion of the transmitter and receiver 
is less than 5%. 
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SPACE SHUTTLE TRANSCEIVER 


1.0 WIRELSSS COMMUNICATION WITH CABIN ENCLOSURES 

Wireless coupling within the cabin enclosures is pos- 
sible by using sonic or electromagnetic propagation phenomena* 
Electromagnetic propagation covers the frequency spectrum froit 
the low end of magnetic linkage, through the radiation fre- 
quencies of RF, to the near-visual light frequencies of optical 
techniques. The best technique depends upon the quality and 
reliability of transmission for a given power and equipment com- 
plexity that can be obtained within the equipment compatabili ty 
requirements for the shuttle environment. 

Magnetic coupling at a frequency of 450KHz oroved to be 
the technique which provided the most uniform field structure 
within a shuttle enclosure and best met the requirements over 
the relatively short interior propagation distances with the 
least complex of mobile and static equipments. 

In this report! the propagation techniques are eva’uated 
and the advantages of magnetic coupling delineated. The cabin 
enclosure model that was used will first be described followed 
by sections on field structures, coupling and propagation ef- 
ficiency within this model for the magnetic, RF, optical and 
acoustic techniques. 


2.0 SHUTTLE CABIN ENCLOSURE MODEL 

Efficiency of signal propagation, one factor in the 
rel.ative evaluation of techniques, depends upon the quality 
of the signal received for a given level of radiated power at 
the transmitter. A measure of this reception quality is the 
signal-to-noise ratio at the receiver input. The free-spacc 
loss of field strength with distance is well known; a distance- 
squared loss for radiation fields and a distance-cubed loss for 
the reactive fields of magnetic linkages. Fields within enclo- 
sures, however, are complicated by multiple boundary reflections 
of the propagated energy and by the intervention of obstacles 
between the transmitter and receptor. 

Cabin geometry determines the nature of these reflected 
field structures. Cabin dimensions and wall materials determine 
attenuation rates, mode structure and null depths of the field. 
Port openings and damping materials within the "container" further 
influence the field structure. Shuttle cabin geometries and 
interior structures are complex, consequently for analytic sim- 
plicity, they are reduced to simple shapes which adequately 
model the enclosure affects upon internal field structure. 

Sketches of the two shuttle cabin enclosures within which 
the ATE will be used are shown in Figure 2.1. Overlays of the 
simplifying geometric shapes - a half parabolic cylinder for 
the flight deck and rectangular volume for the lower deck - are 
shown with the approximating dimensions. For EM waves, the 
lowest order mode for the upper deck is the TMj^ mode with a 
cutoff of 80MHz and the TE^q^ mode with a cutoff frequency of 
87MHz. These cutoff frequencies clearly separate the bands an- 
ticipated for PF propagation and magnetic linkage into modes that 
are attenuated only by the lossy materials of the container and 
those that are attenuated primarily by the below cutoff condi- 
tion. This will be expanded upon further in the sections on mag- 
netics and RF that follow. 
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RF propagation above the cutoff frequency jiust»*s muls, 
in the interior field structure whose depth depends upon the 
damping of the interior. Three basic factors influence this 
damping: the windows, ports, and hatches allow EM leakage from 
the- interior; the interior of the enclosures contain non-metallie 
lossy material; surface losses are introduced by the metal ohmic 
losses, high resistance junctures, and the high irregularity of 
the surface itself. 

The RF model, for these reasons, considered an upper deck 
leakage window (windscreen area) of 10% as the major damping factor, 
while below, where leakage ports are improbable, the major damping 
factor would be the bodies of the astronauts which were assumed 
to occupy 10% of the volume. Wall losses were assumed to be those 
of sheet aluminum; the damping of any of the polystyrene covering 
(or other if any) was considered negligible. 

The field intensity of sonic and optical carriers is uni- 
form within the enclosure, provided the sources are not impeded 
by obstacles. Wavelengths are small so nulls are of little con- 
cern. Shadowing by obstructions, however, are; these shadow 
areas must be irradiated by enclosure reflections and by dif- 
fraction about the blockage. For purpose of optical propagation 
it was pessimistically assumed that the direct path between the 
light source and detector was blocked and that all energy received 
was reflected off walls with a Lambert scatter of 0.5. Similarly 
for the sonic transmission, an obstacle was postulated and the dif- 
fraction field calculated. The field was negligibly small so that 
good reflection off boundary surfaces is required. Sonic reflec- 
tion coefficients for the shuttle were not available; consequently 
for transmission efficiency evaluation an unimpeded path was used. 


Evaluation of competing techniques must include im- 
possible susceptibility of the chosen ATE link to extraneous 
fields falling within the ATE frequency band and must chose a 
band which would preclude interference in the bands of other 
spacecraft systems. 

The EM susceptibility model for the shuttle cabin envirc 
ment uses the interference level maximums specified by the MIJL- 
STD-461A as amended for the space shuttle. In addition the 
radiation bands of shuttle equipment as defined by NASA and the 
bands assigned to high powered terrestrial transmission were 
delineated in the model as bands to be avoided for ATE operatic 

The optical interference model assumes cabin lighting 
producing 4 watts/micron in the optical transmission band and 
standard solar and earth scatter spectrums that are used to 
determine the attenuation required of these natural sources 
at openings in the shuttle enclosure to exterior space. 

The sonic noise environment for the shuttle structure 
at blast off and other operating conditions could not be de- 
termined at this time. 


3.0 MAGNETIC COUPLING 


Antenna field patterns are the sum of reactive mag- 
netic and electric fields in the near vicinity and the 1 radi- 
ation field which dominates as distance increases. In contrast 
to free space propagation where reactive fields attenuate as 
the cube and radiation fields directly with distance, fields 
within an enclosed space are the sum of multiple reflections 
whose strength must be dermined by mode analysis. 

At frequencies above the cutoff frequency of the con- 
tainer, energy propagates primarily in a radiation waveguide 
mode, is reflected by "end caps" of the container and causes 
deep nulls within the container field pattern. This mode is 
discussed more fully in the next section on RF propagation. 

At frequencies below cutoff, however, the field regions fall 
in the near field of the antenna where the fields are primarily 
reactive. Antennas are coupled by the alternating magnetic 
flux linkages. Containment of the field increases the intensity 
above free space intensities. The choice of frequency is a 
compromise between pattern uniformity and the driving force 
needed to overcome the interaction between the antenna and 
container. 

This Faction derives the field relations for an enclosed 
half cylinder model of the shuttle upper deck with transmitting 
and receiving antennas that are crossed ferrite solenoids; eval- 
uates the effect of enclosure loading; determines the propaga- 
tion transfer function for these fields; and transmission 
efficiency. 


3.1 Magnetic Enclosure Fields 


Magnetic field strength is derived for the half cylinuur 
enclosure model that corresponds to the command deck -of the 
Shuttle. For the large wavelength to enclosure dimension ratio*, 
retardation effects are negligible, consequently the field 
structures are solved statically and then varied at the car- 
rier frequency to dermine the transmission function; i.e., 
the quasi-static solution for enclosed magnetic fields. 

The derived field function, Figure 3.1, shows that the 
field at a static receiver antenna for a transmit antenna that 
is moved along the axis of the cabin falls off at the free 
space rate up to one meter from the antenna and at a lower rate 
at greater spacing. The received field strength from a dis- 
tance of 0.3 meters spacing to the end of the enclosure is less 
than 50dB. When the axis of either of the orthogonal antennas 
approaches within some 6 centimeters of the enclosure surface 
the interaction between the surface and antenna rapidly drives 
that antenna's field to zero as the spacing closes. The orthogonal 
antenna is not affected (except in corners) and is, under these 
conditions, the primary link. 

The plot of field strength, Figure 3.1, is based upon 
the field relationships summarized in Figure 3.2 and derived in Ap- 
pendix 3.1 for the illustrated enclosure model. The magnetic 
components ftp and /%. are considered since the receiver antenna is 
mounted on the end walls of the cabin and responds to these com- 
ponents only. The solutions are separatable into functions of 
the three cylindrical coordinates in which z variation is ex- 
pressed through hyperbolic , $ variations by sinusoidal, and p 
variations by Bessel functions. The relationships apply for two 
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orthogonal adenoidal antennas located anywhere within the en- 
closure. The field components are the sum of cylindrical har- 
monics each with attenuation rates determined by the enclosure 
dimensions. For simplicity field plots are separated into 
three regions; (1) close to the antenna where, since the cyl- 
indrical harmonics attenuate slowly# the free space relationship 
is more economically used; (2) far from the antenna where only 
one or two nodes predominate; and (3) the intermediate region 
where for simplicity the function was faired in between the 
first two. 

The free space function for a solenoidal coil, as given 
in Appendix 3.1, relates field strength near the antenna. This 
relation is successively approximated by simpler reduced func- 
tions; first, as the distance become® greater than the axial 
length, then as the distance becomes g -eater than the effective 
radius. The final reduction gives the well known distance-cubed 
magnetic dipole equation. 

The half cylinder flux density is derived in Appendix 3.2. 
through the magnetic vector potential functions for cylindrical 
coordinates. Boundary conditions for the half-cylinder specified 
the mode attenuation functions and these modes that can be sup- 
ported. Image analysis with the summation of multiple reflec- 
tions determines the constants for the z function. 

The magnitude of the cylindrical constants (C n ^) are de- 
termined by the boundary conditions at the antenna coil. The 
coil shape was deliberately distorted to simplify the deriva- 
tion to correspond to differential area shapes. For the rela- 
tive dimensions of enclosure and coil the approximation is valid. 

The loss coefficients for sixteen modes for the chosen 
half cylinder model are tabulated in the Appendix 3.2. Inten- 
sities of the dominant modes at the receiver as a function of 
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transmitter spacing along the cylinder axis arc plotted in 
Figure 3.3. These plots are used to dermihe thu transition 
point between the far zone where the single.* low order mode 
predominates alone and the intermediate zone of multiple har- 
monics, 


The erbin intensity, based on these derived relationships, 
is shown as a function of z spacing for a transmitter located 
midway between the cylinder wall and floor. The receiver coil 
is located at the end wall at a radius of 1.2 meters at an angle 
of maximum reception. The intensity for a coil with its axis 
coaxial with the cabin axis is stronger than the coil whose axis 
is orthogonal to the cabin axis except when the antenna approaches 
the end walls. The lowest order mode of each orientation pre- 
dominates at a distance roughly one half the cabin length. The 
free space relation predominates within spacings of a meter or 
less down to about 6 cm where enclosure interaction affects the 
coaxial oriented antenna. The received field strength varies 
less than 50dB from a spacing of 0.3 meter to the cabin extreme of 
3.66 meters. 

The enclosure of an antenna by a metal surface reacts 
on the antenna input impedance. With a magnetic coil antenna 
the impedance is primarily inductive; this inductance is re- 
duced as the enclosure becomes smaller and consequently the cur- 
rent to obtain a given field strength increases. Position changes 
of the transmitter within the enclosure causes variable loading 
and detuning. As the following analysis showed, this loading 
only became critical when the antenna approached within 6 centi- 
meters of a container boundary. 

The analysis examined two extremes of position: (1) when 
the antenna was in a position where only the dominant mode of 
the container interacted with the antenna; and, (2) When the 
antenna approached the container surface. 
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For the dominant mode analysis of Appendix 3.4 enfr-jy 
considerations provided an expression for inductu;.j«. *. 




7Ta a ^^ 4 fl - /dfA— \JL5L^-J .*7 

1 L rJ*y 


where N = antenna turns 

a = antenna coil raCius 
i ** antenna length 

antenna core permeability 
b « cabin radius 

* primary mode attenuation factor 


For the design parameters of the antenna 

N = 128 
a = 3.72xl0" 5 

*c = 100 

and the cabin mode b * 2.3m. The inductance change from free 
space was .05%. 


As the antenna approaches the container surface free 
space image analysis is more appropriate. The relations used 
to derive the change in inductance with distance, Figure 3.4, 
is derived in Appendix 3.3. Serious reduction of inductance 
begins at spacing of 0.1 meters. 

These results show that cabin boundary loading on the 
transmitter is negligible except when extremely close to the 
walls, a condition not expected to be encountered too frequently. 


oin^ L PAGI?J Is 

oh p oor quality 
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3.3 Electronics-Magnetic Field Coupling 


The transducer between transmitter electronics and the 
magnetic field and between field and receiver electronics are 
solenoidal coil antennas. In this section the transduction 
ratios input impedances, transmitter drive power, and receiver 
sensitivity *re determined. 

4 

The inductance of a solenoid of length A and radius 
R is given by . 

Lc ~ ^ TC'.'/fl) hr.w^j 

The magnetic field in the core of the solenoid is 


^ NI 

i 

_ 2 

where A = it R 

The transmitter transduction ratio is therefore 

The losses in the solenoid, since there is no radiated 
power, determines the transmitter power requirements. The 
losses are primarily core, wiring and the coupled losses of 
the container. The parameters of the solenoidal antenna used 
in the design are: 

Ferrite core 

12.2mm x 3mm x 95mm 
Q «= 40 
N = 128 
100 
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The inductance Lo is 370 microhenries. In a tuned circuit, 
the resonant input impedance is resistive and 275K ohms. 


The receiver transduction gain between input magnetic 
intensity B and the antenna output current is given through the 
energy equality 



For a receiving antenna volume of V = “a* C' 4 */***)- 
the transduction ratio 



for receiver antenna parameters the same as the transmitter 
antenna is 5.9 amperes/weber. 

The sensitivity of the receiver is determined by the 
noise current of 




4KT B 
• e 

Req. 


where T g = effective temperature of the circuit 
B = bandwidth 

Req = equivalent circuit resistance 


3.4 Transmission Efficiency 

One measure of comparison between wireless communication 
propagation links is the ratio of received signal power to noise 
for a given input power for a fixed receiver/transmitter position. 
This measure is defined as the efficiency of transmission. 
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The margin of the signal power above noise indicates how well 
the unit performs within regions of low field strength within 
the cabin. Figure 3.5 schematically shows the linJc for a re- 
ceiver and transmitter at opposite ends of the half -cylinder 
cabin model. The antenna parameters are those previously defined 
in Section 3.3. The field intensity loss at the receiver from 
Figure 3.3 is -104dB. The received signal is 94dB above noise. 
This gain margin is sufficient to provide good transmission 
even under conditions of field strength loss that are not ac- 
counted for in the simple half cylinder enclosure mode. 

Electromagnetic Compatability 

The specification "Electromagnetic Interference Character- 
istics, Requirements for the Space Shuttle Program" SL - E - 0002 
dated June 9, 1973 specifies that continuous or repetitive broad- 
band E-field emissions shall not be generated and radiated in 
excess of values shown in Figure 22A. 


The limit at 450KHz from Figure 22A is 94dBAV/m/MHz . 

This radiation level coverts to -28dB amps turn/m for a 4KHz band. 

2 

The flux level xs -146dB weber/m and is 14dB below the flux den- 

2 

sity of -131. 4dB weber/m for the wireless communicator transmis- 
sion level at the antenna. 

Assuming equal attenuation of the signal and this inter- 
ference would provide only marginal received signal-to-noise ratio. 
Care would need to be exercised in choosing a transmission band 
that does not fall in an interference region just meeting the above 
specification. 
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4.0 RF 

4.1 RF EM Links 


RF propagation within metalic enclosures such as space- 
craft requires consideration of effects which are unique to vol- 
ume field coupling of sources and detectors. The metalic bound- 
aries enclosing the source reflect the RF wave hundreds of times 
back and forth before it is dissipated by losses within the prop- 
agation space. 

Multiple reflections affect information propagation in 
two major ways. First, interference of the multipath reflections 
causes signal reinforcement and cancellation, the amplitude 
range of which is a function of the losses within the volume. 
Cancellation could cause signal levels to approach or fall below 
the EM noise level or receiver sensitivity levels and reduce the 
possible information rate. Second, the reflections restrict the 
information bandwidth. This effect can be visualized by consider- 
ing a signal sampled at the Nyquist rate: if a given sample once 
propagated does not attenuate fast enough, it interferes with sub- 
sequent samples that are transmitted. 

Received RF noise levels are determined by the EMI 
levels allowed through specification and the receiver noise level 
is reflected in its sensitivity figure. 

The range of signal level within the enclosure, the EMI 
level, and receiver sensitivity are functions of the RF frequency. 
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Consequently, the objective of the study was to find that range 
or bands of frequencies that would give signal/noise margins 
and bandwidths adequate for the required voice quality and desired 
control reliability. Further, those bands within which other 
spacecraft subsystems operate as well as those that could result 
in destructive intermodulation products have been delineated. 

The final choice of RF frequency within these recommended bands 
would depend upon RF and antenna design considerations. 


4.2 RF Enclosure Fields 


The field equations for these simple geometries are 
separable in the appropriate coordinate systems. The lowest 
order mode for the upper flight deck would correspond to a TM^^ 
mode with a cutoff frequency of 80 MHz. The lowest order mode 
for the lower deck correspond to a TEj^ mode with a cutoff fre- 
quency of 87 MHz. The irregularity of interior metallic sur- 
faces and the protusions of spacecraft equipment increase the 
surface current attenuation within the surrounding conducting 
surfaces and consequently increase the signal dissipation rate. 
However, in order to establish a reference level corresponding 
to the most pessimistic case the Q of these simple enclosures with 
electrically smooth walls was computed as a function of frequency 
in Appendix 4.1. 
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The resulting null depth at a reference frequency of 
300MHz was 76dB below the allowable maximum of 2 volts per meter. 
The damping factor is proportional to the square root of frequency. 
The plot of this function is included in the curves of Figure 4.1 
and shows that the minimum signal level would fall below that re- 
quired for the desired audio quality. The transmission bandwidth 
corresponding to these enclosures is shown in Figure 4.2 and is 
sufficient for intended ATE operation. 

Three basic phenomena associated with the actual space- 
craft interiors increase the damping of the enclosure. First# 
these shuttle closures have windows, ports# and hatches between 
compartments that allow the RF signal to leak from the interiors. 
Second, the highly irregular surfaces of the interior increase 
the linear path of the EMP surface penetration and# in all prob- 
ability, the current would encounter high resistances within these 
path traverses. Third, the interior of enclosures contain non- 
metalic lossy material, the largest of which would be the bodies 
of the astronauts themselves. 


The effect of losses upon enclosure darrj j i f» jcr.'A-;.- 

tionally treated through the relationship 



where Q q is that of the resonant cavity and Q u that of the* load- 
ing introduced by coupling ports and interior lossy materials. 

The Q u of lossy materials is the inverse of the material loss 
tangent. Each of the above loss mechanisms will now be treated 
in terms of these dissipation parameters. 

Leakage port attentuation for the upper deck was cal- 
culated for a simple model consisting of an opening in one wall 
of the half-right parabolic cylinder corresponding to the wind- 
screen area of 10% of the wall surface in Appendix 4.2. The null 
depth for this type of escape port would be 46dB at the reference 
frequency of 300MHz. A plot of this null depth in Figure 4.1 is 
well above that of the desired audio quality level. 

The enclosure below the flight deck has few escape 
ports (only a few ceiling hatches apparently) . Consequently the 
damping of the non-metalic materials are considered. This damping 
is introduced primarily by the astronaut bodies and in the major 
source considered at this time. Figure 4.3 is a plot of the power 
loss tangents of human fat and muscle as derived from measured 
body conductivities and dielectric constants. 

For purposes of calculation, it was assumed that an 
astronauts body would occupy 10% of the enclosure volume and con- 
sists of 60% fat and 40% muscle. It was further assumed that the 
position of this body was located in a region of maximum electric 
field strength so that the following approximation would suffice. 

“ qJ" + ,06 tan *FAT + ,04 tan *MUS (2) 


«*«• 
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The effective Q of the enclosure at the reference frequt*n~y cl 
433MHz dropped to 14.29 and indicates the body is a highly ef- 
fective damping source. The effect of the body on radiation 
patterns will be considered subsequently. Null depth from body 
damping is shown in Figure 4.1. 

Damping caused by irregularities of the metal ic inner 
surface is reflected by three parameters which express the ratio 
of actual surface path lengths to that of the approximating 
cavity and the height of protusion to the depth of penetration. 
Estimates based upon visual observation of spacecraft interiors 
indicate that this mechanism alone would increase the damping 
10 to 20dB above that of the resonant simplification. 

Interior walls of the spacecraft that were seen at JSC 
were bare metal surfaces except for the Skylab interior which was 
covered with some kind of insulating material. The depth and 
type of material will be identified in a subsequent document 
to be supplied by NASA describing all non-metalic material 
on-board spacecrafts. The thickness of these wall material would 
generally be less than the depth of penetration of the RF energy; 
consequently, the wave is reflected off the metalic undersurface 
with a phase shift but small attenuation. As an example, a one 
centimeter layer of polystyrene was assumed and the added atten- 
uation reduced the null depth by 6dB. 

4 . 3 RF Electronic Coupling 

The electronic contribution of the audio noise level 
is produced primarily by the receiver noise and the EM leakage of 
other spacecraft electronics. The limit of radiated EMI as speci- 
fied for narrowband emissions by ISC - SL - E - 0002 (June 4,1973) 
is plotted in Figure 4.1. 
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The receiver noise level, as reflected to the radia- 
tion space at the antenna input, is plotted as a function of fre 
quency in Figure 4.1. The following noise figures of commercially 
available RF transistors for the frequency bands were used: 


FREQUENCY 

10-200MHZ 

200-1000MHZ 

1000-4000MHZ 


NOISE FIGURE (dD) 

2.5 

3.5 

4.5 


Other assumptions made pertaining to system design: 

Bandwidth 3MHz 
Other gain losses 15dB 

Antenna gain corresponds to that of an omnidirectional 
short dipole whose length is 0.1 wavelength with an arbitrary 
limit of 15 centimeters in length. 


The gain function of an antenna 


Pr = 




where E = the electric field strength 
s 

n = free space impedance 

A = equivalent antenna area 
eq 

when equated to the noise power 
P n « KT W NFL, 

where 

K = Boltzmans constant 
T * temperature 
W = bandwidth 
NF * rcvr noise figure 
L * additional losses 


(3) 


( 4 ) 
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provides the inverse gain factor for noise reflected to the ar.t-rin i 
input 


'n 


j KT W NF N L j 
A eq 


1/2 


( 5 ] 


The equivalent area A e{J for a short dipole 

- 

eq 



nf l'CKW ^ "• 

( 6 ) 


when substituted in (5) completes the relationship plotted 
in Fig. 4.1 for receiver noise vs frequency. 

'Ik 


4*r KTW /j| ( 

77 ^ 


(7) 


The increase in noise level with frequency is caused by the short- 
ening of the dipole length in order to retain the broad beam 
characteristics of the dipole. The dipole has been used for eval- 
uating propagation and is not meant to suggest a final antenna 
design. 


The noise composite shows that the allowable EMI levels 
predominate over receiver noise up to 350MHz. Also, it may be 
noted that the receivers will have a much narrower bandwidth than 
3MHz; consequently receiver senitivity should fall well under 
allowable EMI levels. 

An audio quality contour 20dB above the composite elec- 
tronic noise level, plotted in Fig. 4.1, shows that with the 
slightest interval damping the system will meet specifications 
over a wide frequency range. 
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4.4 Transmission Efficiency 


ORIGINAL PAUL IF 
05 1 POUR QUALM A 


The S/N ratio, as set forth in Fig. 4.4 for the RF system 
depends upon the radiation power (antenna losses considered neg- 
ligiby small) , a field dispersion loss that varies inversely 
with range, and the receiver antenna transduction ratio, 

A quarter wave antenna (20cm) with a radiation resist- 
ance of 73 ohms, a gain of 1.64, and an equivalent antenna 
area of .07 (meters) is used for the comparison. For 100 
milliwatts transmitter power the signal/noise at 25 meters 
is lOOdB . 

This power margin is sufficient to overcome the effects 
of interior nulls and shadow zones. 
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4.5 EM Compatability 

Choice of RF frequency depends strongly on the RF bands 
of other spacecraft electronics. A frequency for the ATE system 
should not interfere directly or interact with other radiation to 
form destructive cross products frequencies in any of the other 
equipment. Conversely, in spite of EMI specifications it would 
be wise to avoid frequencies of not only the radiated signals 
but also the frequencies of any other frequency source used for 
local oscillator references in these equipments. At this time 
the chart of orbiter radio frequencies shown in Figure 4.1 has 
been supplied by NASA. More detailed information is needed 
to analyze intermodulation products that could be generated in 
conjunction with all signals in the spacecraft environment and 
determine those additional bands which the ATE equipment must 
avoid. 


High power terrestrial transmission bands associated 
with TV and other communication links must also be avoided. 

Stations transmitting 10KW of power and 20dB antenna gains could 
produce radiation levels external to the shuttle of 15 millivolts 
at altitudes of 200 miles. Spacecraft shielding would reduce this 
level internally at the lower decks; however, the upper flight 
deck has large window areas that would attenuate the level very 
little. 

NASA has a report which they are in the process of 
preparing which lists all high power terrestrial bands to be avoided. 
Prior to the receipt of this report, one can only say that the FM 
bands between 88MHz and 108MHz, TV bands 174 and 216MHz, earth- 
space bands between 136MHz and 138MHz and coastal telephony bands 
between 156 and 162MHz are to be avoided. 

The results of the RF propagation study are in summary: 
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ov ** 



. The RF enclosure damping produced by window;, an ; 
leakage ports, the irregularity and roughntus cf the interior 

equipment, and the body attenuation of the astronaut ru <. no--*. 

*• 

to keep null depths greater than -30dB over the band of RF fre- 
quencies between 100MHz and 10,000MHz. 

. This level of null depth and damping assures more 
than adequate signal to noise and bandwidth for the specifier 
audio and control signal quality* 

. The heavy high power terrestrial RF activity 
between 90MHz and 300MHz precludes this band for ATE operation. 

. Similarly TACAN, shuttle communication bands between 
960MHz and 2300MHz as well as the altimeter band at 4400MHz are 
bands to be avoided. 

. The specified EMI levels are low enough and the 
projected receiver sensitivities high enough that no EM noise 
problem is expected with the allowed 2V/meter transmission level. 

Therefore, based upon the above, it is recommended 
that the RF ATE frequency be chosen in the bands between 350MHz 
and 900MHz and between 2500MHz and 3500MHz. Certain regions 
within these recommended bands may be further restricted by in- 
formation contained in the NASA reports that are being trans- 
mitted. The final choice of frequency will depend upon tradeoffs 
in the design of the antenna and RF sections of the system. 
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Comparison bet ween dielectric properties of actual and *imu> 
lated human fat and muscle, (•/.■ are dielectric constants; r/, m are 
lo» i.nwriit* of fat and muscle, respectively.) 


FIGURE 4.3 
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5.0 OPTICAL 

5.1 Optical Link 


Modulated light beams have desirable features for 
intracabin communication. The intensity levels of the light 
within the cabin do not exhibit interference nulls and conse- 
quently, when not occluded, presents a uniform field for detec- 
tion. While optical links have the potential for wideband trans- 
mission, the advantage is not needed for this audio application. 

Shadowing of the direct path radiated light at the 
detector by equipment and astronauts on the move is the major 
disadvantage to be overcome, since transmission must depend upon 
reflection of light off cabin surfaces for communication. Back- 
ground illumination, such as lighting, sun, earth and sky 
scatter must be attenuated in the optical band to maintain good 
detection sensitivity. 

5.2 Optical Propagation 


The cabin model has been simplified to that of a 
cylindrical box in order to determine the path loss between the 
luminescent source and detector diode with reflection. An opaque 
obstacle is assumed which completely shadows the detector but 
for mathematical tractability does not shadow the reflective 
inner surface of the cylinder. The transfer function for single 
xer lections is derived in Appendix 5.1 and plotted in Fiqure A.l. 
as a normalized function of the length to radius ratio of the 
cylinder. 

The loss by blockage of the direct luminance in a cabin 
2.24 meters in radius and 3.32 meters long - the approximate dimen- 
sions of the flight deck - with respect to the direct plus re- 
flected is 5dB. 




The cownunication link was modeled using transducers 
typical of the commercially available units. The Siemens LD 241 
gallium arsenide diode radiating 15 milliwatts defocused over a 
solid angle of 2 tt radians was assumed for the transmitter. The 
photodiode detector characteristics typical of its class are 
listed in Table 1 . 


TABLE I 


Photo-diode Characteristics 


Sensitivity 
Dark current 



2 

5 microamps/watt/m 
0.2 microamps 
2.4K 
7 pf. 

9xlCf 2 cm 2 


5.4 Transmission Efficiency 

Figure 5.1.1 of Appendix 5.2 illustrates an opti.cal link 
using a single gallium arsenide diode emitter and a single 
photo detector located on the axis of a cylindrical cabin with 
dimensions approaching those of the shuttle upper deck. The 
emitter power (typically falling within an 18° beam) has been 
defocused for good coverage over 2v steradians. An obstruc- 
tion of the direct path light and reception of boundary scat- 
tered light is assumed. 

The sig.ial current from the detector for 100% modulation 
of the light and the given detector sensitivity is 488 pico amps. 
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The noise consists of diode shot noise and receiver thermal 
norse and a background radiation level of 5x10 watts-m -pm . 
This corresponds to a light source with 4 watts/micron at the 
optical wavelength of 9350A® located 6 meters from the detector 
with a detector window of 0.5 microns. Presumably the choice of 
cabin lighting would be better than this. In any case the shot 
noise current was small with respect to the receiver noise; the 
noise level is not sensitive to cabin background illumination. 

The signal-to-noise ratio for the single diode is 4.34dB 
for a bandwidth of 3KHz. To achieve a signal/noise of 20dB at 
least 37 emitter diodes would be needed. 

The conclusion is that the optical link is not practical. 


5. 5 Optical Compatibility 

The natural and manmade illumination within the gallium 
arsenide optical band at 9350A 0 must be attenuated below the noise 
level of the photodiode or the number of emitters must be in- 
creased to overcome this interference. 

The attenuation for suppression of external direct sun 
light and earth scatter are calculated in Appendix 5.3. Attenua- 
tions fall within reasonable optical filtering capability. The 
practicality of using optical filtering of cabin viewing ports 
needs investigation. 
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APPENDIX 5.1 


OPTICAL REFLECTED FIELD; CYLINDRICAL ENCLOSURE 
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A PPENDIX 5.2 


A SYSTEM DESIGN EXAMPLE 
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APPENDIX 5.3 
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6.0 ACOUSTIC 


6.1 Sonics 


Audio transmission via ultrasonic carriers is limited by 
the, signal bandwidth available for propagation. The lower fre- 
quency must not fall within the aural sensitivity region of the 
human ear and the upper frequency must be within the capability 
of state-of-the-art sonic transducers. These requirements limit 
the ultrasonic band to between 25 Kilohertz and 75 to 100 Kilohertz. 
This band could support five or six voice channels. 

6. 2 Acoustic Propagation 

Field intensities of ultrasonic sound within an enclosure 
depends upon the sonic reflectivity characteristic of the boundary 
surfaces, shadowing by obstacles within the space, and upon the 
attenuation of the signal by the propagating medium. 

The wavelength of the ultrasonic signals (25KHz to lOOKHz) 
falls in the range between 1 and 0.25 centimeters. Consequently 
the field structure within the volume would not experience deep 
interference nulls. 

The reflectivity of the boundary surface is a functic.. of 
frequency. This function is difficult to predict theoretically 
and can only be determined accurately by measurements on the 
completed shuttle structures. Broad variations of reflectivity 
coefficient versus frequency change only the relative reception 
intensity between channels and is not serious. Sharp resonances 
whose response is narrower than the audio band would distort the 
audio. High damping at the boundary surfaces would mitigate the 
distortion. However, good reflectivity at the boundaries is nec- 
essary to fill-in zones within the volume that are shadowed from 
the direct waves of the source by intervening obstacles. 
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Sonic intensities of the direct ultrasonic wave in the 
shadow zone are plotted m Figure 6.1. 

While the plot can be generalized to any obstacle -dimen- 
sion', and source and observation points distances, a particular 
case was chosen for illustration where D, the obstacle size is 
1/2 meter with an ultrasonic source located 1/2 meter behind. 

For a point located 1/2 meter from the obstacle, the sonic atten- 
uation varies between -27dB and -32dB over the expected trans- 
mission band. At two meters from the obstacle, the attenuation 
varies between -24.8dB and -30dB. The degree of possible shadow- 
ing attenuation requires good reflectivity of the enclosing sur- 
faces in order to assure good reception over the entire volume. 

The shadowing function indicates that the ultrasonic 
transducers must have a clear field of view since the reduction 
of the source distance below 1/2 meter would further attenuate 
the signal in the shadow zone. Accidental muffling of the trans- 
ducers must be avoided. 

Figure 6.2 is a curve of the absorption of sound in air 
as a function of frequency. The oxygen space craft environ- 
ment should not differ substantially from dry air. The atten- 
uation between 55KHz and lOOKHz varies between 0.1 and 0.36dB/ft. 
For a propagation path of 10 feet the attenuation of 1 to 3.6dB 
is small. 

6.3 Electronic-Acoustic Transducers 

The bandwidth of ultrasonic transducers limit the appli- 
cation of ultrasonics in the baseline concept. Figures 6.4 to 6.7 
contain curves typical of commercially available transducers. 

The bandwidths are wide enough to carry audio amplitude modulated 
on ultrasonic carriers between 30KHZ and 75KHz with good trans- 
mitting gain and receiving response. The response, Figure 6.3 
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lluaagnph and frequency inpomt ol commercially avail- 
able rWerenre atandard ADC microphone (or making accurate 
mraautementa a I aound pressure over ver\ large dynamic ranges. 



of a reference rtandard ADP microphone shows that wider band- 
widths can be obtained with a resulting sacrifice in sensitivity. 
6.4 Acousti c Tran s mission Efficiency 

' Signal levels for a 10 foot ultrasonic link using the 
TR-89B transducers are given in Figure 6.8. 10 milliwatts 

drive power produces 10 millivolts output for the direct trans- 
mission path. The directivity of the transducer compensates for 
the rather poor efficiency of air transducers. The directivity 
pattern, as given in the data, has a beamwidth of 16 degrees and 
would not satisfactory for the intended application. Extrapo- 
lating the data to omni directional patterns, the signal link 
gain would drop about 40dB producing an output signal level of 
100 microvolts. This level is 40dB above the electronics input 
noise level. 


6 . 5 Sonic Compatability 

The ultrasonics noise level within the shuttle enclosures 
will be the major factor in determining the signal to noise 
ratio. NASA noise level estimates of the shuttle operational 
environments have not been provided. 

In conclusion, since no measurements on ultrasonic noise 
levels exist for all phases of shuttle operations, this mode of 
propagation is a risky option. In addition assuring unimpeded 
transmission paths and preventing accidental transducer muffling 
are potential problem areas. 
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)utnne Dimensions 



wpecificaticns 


1 

FREQUENCY AT MAXIMUM IMPEDANCE 

40 kHz ± 2 kHz 

(with no load) 

BANDWIDTH 

1.0 kHz 

(matched load) 

TRANSMITTING SENSITIVITY 

+ 27 

(10 mW available power) (dEs vs t microbar at 1 ft.) 

RECEIVING SENSITIVITY 

-48 

(untunad with 2M;) load) (dB vs 1 volt per microbar) 

CAPACITANCE AT 1 kHz (nominal) 

2300 pF 

RECOMMENDED POWER RATING 

200 mW 

TEMPERATURE COEFFICIENT OF RESONANT FREQUENCY 

3 i 10-*/°F 

TUNING INDUCTANCE (nominal) 

63 mH 

WEIGHT 


STANDARD FINISH 

black 


pplications 

INTRUSION ALARMS, REMOTE CONTROLS, PROXIMITY DETECTION, ECHO RANGING, SOLID 
OR LIQUID LEVEL MEASUREMENT 


Options. 

1. CLOSER FREQUENCY TOLERANCES 

2. DIFFERENT OPERATING FREQUENCIES 

3. PHONO CONNECTOR 

| 4. WATER-TIGHT UNIT WITH INTEGRAL CABLE 

(AT EXTRA COST SUBJECT TO MINIMUM ORDER REQUIREMENTS) 


Patent Notice . .. 

MASS* Ultrasonic Transducers art protected by the following U.S. Patents: 2367, *57; 9,126332; 3,510,666; 
3,578,995; 3,638,052; 3,707.131 ; 3,716,661 ; 3,752,941 ; 3,736,632; 3,777,192, and other Patents Pending. 


‘MXSSA CORPORATION ■ 280 LINCOLN STREET, HINGHAM, MASSACHUSETTS 02043 ■ TEL: 617/749.4800 
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EFFICIENCY=3 . 7% j* 10 feet * 

GAIN =12,8 1 ldB ATTENUATION 


TYPICAL PARAMETERS OF AN ULTRASONIC AUDIO LINK 

FIGURE 6. 8 
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7.0 SUMMARY 


Potential methods of wireless communication within the 
shuttle cabin enclosures included the options of magnetic 
coupling between loop antennas, radiation at R F frequencies, 
optical or ultrasonic propagation links. 

The particular propagation method had to provide the 
specified transmission fidelity over a one-way voice link 
from any position within the cabin enclosures to wall mounted 
receivers. Consequently internal field patterns had to be 
free of resonant nulls and rapid signal attenuation with an- 
tenna spacing; the signal strength could net be radically 
affected by shadowing of objects in the propagation path or 
by incidental blockage of the propagation transducers. The 
systems had to be relatively free of detuning effects of the 
metallic cabin enclosure. 

In addition the choice of signal parameters had to be 
assure that other sensitive spacecraft equipment would not 
be affected by the communicator and that the wireless com- 
municator would in turn not be affected by other radiation or 
noise interference. 

The summary comparison chart, Figure 7.1, lists those 
factors that are evaluated in this report. Those factors 
underlined were key considerations. This study concludes 
that the characteristics of magnetic coupling best matched 
the operating and propagation environment of the metallic 
spacecraft enclosures. 


Magnetic field strength did not exhibit the deep nulls 
that could be experienced at RF frequencies or be as sensitive 
to path or transducers blockage as the optical or ultrasonic 
links. While the RF links were more efficient for a giver, 
transmitted power, the advantage was of small consequence uitnir. 
the short propaqation distances of the cabin. Optical and RF 
links could provide larger bandwidths than the magnetic or 
ultrasonic but for the voice band that was needed, the ad- 
vantage was of little value. The receiver at the magnetic 
frequency Of 450KHz did not require the superheterodyr.ing of 
the RF receiver at VHF . The optical system required multiple 
radiation diodes to overcome possible path interference and 
even with the best of diode layout could not assure complete 
freedom from diode blockage. 

The interference of the wireless communicator with other 
spacecraft equipment required great care with an RF system. 
However, based upon the NASA supplied data on spacecraft fre- 
quencies an RF frequency at 400MHz would have been satisfactory; 
the 450KHZ magnetic frequency caused no interference. 

The specifications on EMI within the cabin assured that 
with the chosen transmission power levels that the specified 
transmission fidelity would be met. The uncertainty of the 
level of interference in the optical and ultrasonic bands 
under ail shuttle operations made these choices too risky for 
any of the possible advantages to be gained. 
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SUMMARY COMPARISON 
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FIGURE 7.1 
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WIRELESS MICROPHONE METHODS OF SIGNAL PROPAGATION 


(Primary Decision Factors Underlined) 


INDUCTIVE COUPLING 


• Enclosure field strengths without nulls 

• Electronics less complex at lower frequency 

. More transmit power required for given 

power margin 

. Loading losses by enclosure higher at low 

frequency 

• EM environment defined 

. Transducers (antennas) not muffled by body 
or non-metal) ic accoutrements 

. Detuning/loading right next to metallic en- 
closure wall 


RF 


• Greater transmission efficiency with distance 

. Resonant field structure within enclosure 

. Broad bandwidth 

. Superset design more complex 

. RF signal environment requires careful con -* 
sideration in defined RF environment 

. Enclosure losses less at higher frequency 

. Transducers (antennas) not muffled by body or 
non-metallic accoutrements 


OPTICAL 


. Susceptible to signal blockage and transducer 
blockage 

. Free of RF interference 

. Power margin requires multiple transmitter 
diodes 

. Optical interference and noice environment 
not well defined 


ULTRASONIC 


. Narrow bandwith 

. Ultrasonic noise environment not defined 
. Free of RF interference 
. Susceptible to transducer blockage 


Propagation losses higher than RF 
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WIRELESS MICROPHONE COMMUNICATION SYSTEM 
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APPENDIX B 


WIRELESS MICROPHONE COMMUNICATION SYSTEM FOR THE 
SPACE SHUTTLE ORBITTEh DEVELOPED FOR NASA AT TELEPHONES , 
HUNTINGTON, N.Y. CONTRACT NO. : NAS-9-14B24 


1. INTRODUCTION 

This section of the final report reviews the design considerations of 
the Wireless Microphone System delivered to NASA under this contract. 
First, a review of Telephonies' study of the prior art and available 
equipment is presented which reveals several basic short-comings of 
such available equipment when used in a space vehicle environment. 
Secondly, the synthesis of a suitable system is discusseo in detail. 
Finally, reasons for the particular circuit design are discussed in re- 
lation to tne tecnnical specifications of the contract. 

Tne purpose of the Wireless Microphone is to provide crew members of 
the Space Shuttle Orbiter with a communications capability while away 
from their normal station positions. The wireless microphone elimin- 
ates the need for connecting umbilical cables which would be inconven- 
ient, interfere with free movement and possibly even be hazardous. In 
the "VOX" mode, it permits hands-free automatic operation so that the 
crew member can concentrate on various mission activities. 


2. REVIEW OF PRIOR ART AND AVAILABLE EQUIPMENT 


Tnree sources of information were researched: a) final reports of mil- 

itary study contracts, b) technical journals of various engineering soci- 
eties and c) catalogs and data sheets of commercially available equip- 
ment. Briefly, in making this review, it became quickly obvious that 
none of these references and equipment designs dealt adequately with 
signal fade-out due to nulls caused by strong reflected waves when op- 
erated inside a metallic enclosure such as the space shuttle. In order 
to reduce the probability of a drop-out, standard practice was to use 
more than one receiver either in frequency or space diversity. Still, 
the drop-out probability was nowhere near the zero percent value which 
Telephonies felt was mandatory for a space application. In addition, 
there was the problem of avoiding antenna directional characteristics 
which would also produce nulls or signal drop-outs. This is the char- 
acteristic of wire or whip antennas. Furthermore, such antennas can be 
easily detuned by touching them, they take up space and interfere with 
crew movements, they are a hazard to eyes and can easily be broken off. 
All of this rules out the whip antennas that are used in wireless mic- 
rophone equipment. 


All cf the commercial systems 
hertz. At these frequencies, 
quire precise crystal-control 
dyne receivers. Transmitters 


we know of use frequencies above 20 mega- 
narrow band voice frequency channels re- 
led superheterodyne or double superhetero 
also require crystal control and in the 
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cas«. ol t it. modulations, preltrroo ovc t other form of moaul at ion , * • 
portable pacKAgi car tied by tin. crew man becomes too convex, LuIk, u* 
powe r -hung r y . All ol this tenus to degrauo reliability ana materaiily 
raise costs. It was ele at that the communication: industry had nev* r 

addiesseu itsell to the unique requirements of NASA. 

Lastly, a choice of frequency had to be made. Certainly, th* whol* of 
tne radio frequency spectrum is, for all practical purpc.n* , saturu*' 
worla-wide. khile the system is to operate within the craft, it i:_ n * 
shicldeu against hign frequency signals due to the relatively larg< 
window openings. Wmle NASA's contract does not specify a secure syst- 
free of gamring, Telephonies has taken this into full consideration. 

3 . SIMh bSIf ol A SYSitM M L LVI NG NASA'S PLQ1J I RtMLN 'I ■ 

NASA requires tne wireless microphone to operate within the space shut- 
tle in the upper flignt aecx ana in the lower living quarters deCK. ire 
t* occks arc- connected by a passage way opening about JO" in diameter. 
The wireless microphone transmitters are to have a choice of two oper- 
ating frequencies, one for tne upper deck ana one for the lower dec*. 
This avcias tne interference that would be caused when crew members are 
near the opening between deexs and only one frequency is used for both 
aects. Each dec* is provioeo with a receiver so positioned as to limit 
tne maximum operating range from, the transmitter to 11 feet. NASA r.as 
located the receivers on the rear bulkhead in the best position to Keep 
the operating range to a minimum. 

It is our unde r s tanai ng from discussions with Rockwell that tne receiver 
locations are gust below fluorescent lights located less than one foot 
from the receiver antenna. At this time, we do not know if these ligr.ts 
are shielded or what the noise level at the antennas will be. Since we 
lack definite data on noise level to be expected within the craft, it 
was decided to design the transmitter for one watt input to its antennas 
Snoula this power not be needed, this level can be easily lowered by 
changing the value of one resistor. One watt appeared to be close to 
the maximum power that could be drawn from the new Mallory Lithium Or- 
ganic batteries and nave them last tne expected 90 hour mission time. 

The lithium, organic cells, unlike other tyes of lithium cells, have a 
proven record against explosion, even with unrealistic extremes of tests 
This, coupled with a built-in fuse to limit the maximum possible short- 
circuit current, further guarantees protection against its explosion. 

It is to be remembered that all batteries can rupture or explode under 
short-circuit conditions. Full information submitted by the lithium 
battery division of Mallory has been presented to NASA for evaluation. 
This type of cell is remarkable in that it has several times the watt- 
hour capability of any other kind of battery for a given weight or size. 
During the course of this contract, no preference could be determined 
from NASA or Rockwell with respect to a choice of small cells, to be 
replaced during the mission, or larger cells to last the duration of 
the mission. The latter was Telephonies' choice and the design was im- 
plemented accordingly. VOX or FTT transmitter operation is required by 
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■y power. No f'rn figure could 
or Rockwell as to the probabl' 
the power required to override 
determine and Telephonies ap- 
) make the battery pack separate 
> to redesign the pack without 
type of cell has a nominal vol- 
tage of 2.92 volts wi.icn, under light loads, remains almost as constant 
as a mercury battery to the eno of its life. This considered, it was 
aecioea to aesign the transmitter circuits to opertate on a 6V supply. 

In order to avoid nulls produced by strong reflections, the wavelength 
of the signal must be much larger than the spacecraft dimensions. For 
tnis reason, low frequencies of 455 and 50U kilohertz were chosen, cor- 
responding to wavelengths of 66u and 600 meters, respectively. Since 
the maximum dimension in either the upper or lower deck compartments is 
about seven meters, reflections from the walls will be in phase for ail 
practical purposes. With the direct and reflected waves in phase, tr.e 
two will adc and noticeably improve the signal level, with the receiv- 
ing antennas less than one inen from an aluminum reflecting surface, 
there will De about a b dB improvement in signal level due to the first 
reflect ion. 


At these low frequencies, very compact ferrite antennas are practical 
for covering the small range (11 feet) inside the craft. For this short 
range, use is made of the near magnetic field. In effect, the transmit- 
ter and receiver antennas constitute loosely coupled transformer wind- 
ings. Strength of this coupling decreases as the inverse cube of dist- 
ance, hence the system is inherently a short range one which insures 
security and freeaom from jammings. Furthermore, the craft's relatively 
small window openings, compared to wavelength, will substantially atten- 
uate signals entering and leaving the craft. The rapid attentuation of 
the signal with distance also guarantees that multiple reflections will 
not cause nulls due to increasing phase differences. 


In order to make an omnidirectional system with ferrite antennas, the 
transmitter requires two bar antennas mounted orthogonally and excited 
by two signals in time quadrature. Also, two independent receivers with 
ferrite antennas mounted ortogonally are required to avoid nulls due to 
the directional characteristics of the antennas. The orthogonal rela- 
tionship of each set of antennas is in the form of an "X" rather than 
an "L" in order to avoid objectionable mutual coupling between antennas. 


The transmitter antennas are 2.5" long with a cross-section of 0.48" X 
U.12". The receiver antennas are 3.75" long with the same cross-section. 
We find these antennas can be mounted as close as 0.5" from an aluminum 
surface with the 0.4b" dimension parallel to the surface without any 
significant degradation in performance. This applies to both the re- 
ceiver and the transmitter. Tests show that detuning due to hand capa- 
city, 0.5" from the antennas, does not degrade performance to any not- 
iceable extent. Since the efficiency of a ferrite antenna is extremely 
low for the power input used in this system, the radiated power density 


114379 


90 


1U meters from the antenna will be less than one micromicrowatt, Each 
time the antenna length is cut in half, the range is cut in half for a 
given power. Tn rough a scries of experiments, Telephonies has recJueoo 
the lengtn of the transmitter and receiver antennas until transmitter 
battery power reached one watt for a range of 22 feet. At 'this range, 
tm reception was clear, quiet and solid for all relative positions of 
transmitter and receiver antennas. The noise environment of the 
Telephonies lab is gudged to be a very high one due many large fluores- 
cent lights that are closely spaced and about eight feet above the floor 
Here the characteristics of an fm system , which suppresses noise and 
holds signal level constant with large signal strength variations proved 
Highly useful. (A full study of this system's RFI immunity was made and 
was discussea in Test No. t> of the report made to NASA on September 15, 
1976.) From the above, it is seen that battery size vs. antenna size 
must DC a trade off. This also involved the decision to have a separate 
battery pack last the duration of the mission which is at most seven 
days. A study of the Mallory Lithium Organic Cells shows the L0-3U size- 
capable of meeting these requirements for an ON/OFF duty time of 151. 
Tnis cell is sligntly smaller than 1 D size cell, 1.16" diameter and 
2.35" long, witn electrical rating of 7.6 A/hour, 160 ma rated drain and 
an open circuit voltage of 2.92V. The cell must be operated about 12 
minutes tc bring the voltage up to its rated value. Under load, the 
cell voltage will oe 2.b5V until about 90% of its life is reached, there 
after it begins to roll off rapidly. For 160 ma and 90% life this cell 
will last 42 nours. For 15% ON/OFF duty, the cell will last 280 hours. 
Two cells are required for the 5.70V transmitter supply design. Cells 
smaller than the LO-30 drop rapidly in efficiency for their size. Also, 
efficiency drops about 30% for temperature extremes of -20 and 125F. 


This study formed the basis of the system recommended by Telephonies, 
which considers many special requirements. In the future, Telephonies 
believes this system can easily be extended in range by the use of more 
than one set of receivers. The simplicity of the receivers (two mount 
on a plug board 3" X 5") makes this practical. This simplicity also 
could make a two-way system practical. 

4. THE WIRELESS MICROPHONE TRANSMITTER AND RECEIVER DESIGN 
4.1 THE TRANSMITTER DESIGN 

The system proposed uses narrow band fm modulation where the modulation 
index is unity. The audio frequency range is 300-3000 hertz. The sys- 
tem is capable of being modulated down to dc . This is necessary because 
of momentary dc controlled shift in transmitter frequency is used to 
generate a signal which activates the receiver ICOM mode. With an index 
of one, the bandwidth will be 6 kilohertz. A bridge T type oscillator 
is modulated by means of back-to-back varicap capacitors. Oscillation 
amplitude is held constant end in class A operation by diode limiters. 
The supply voltage is held constant by a zener diode. Overmodulation 
is prevented by back-to-back diodes which limit the modulation voltage 
to 1.0V pp. The microphone amplifier low power IC is capable of suffi- 
cient gain to work with any low level, low impedance microphone. It is 
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Ui i'UUK Vjl AMI 

recommit nui j thut thi ^.un b< :*t ! « • r 1 2 ab clipping b/ tn* nonjldtjor, 

1 ’.mi tot u i .11 . t it,* .» ti.* c i jriai /noi si of the system. This typ« 

%>t Im n .MJulJt < .. - i * . i • > i i ; sufficiently static to stay well witUr, 

the wiuti pj: . ijii) tin icccivcr over the required temperature rar, :< . 
Associate i w i t : * t • , *r op-honc amplifier arc tnc VOX circuits. Atta *■ 

ana hola ti. c M a 1 • ur< separate. In VOX operation, the stanu:,/ 
power cor.: _ . * i i xcyt low as possible (12mw.). 

Inc oscil lat r ; t t« output signals phased 9b° apart. If, i_ i- 

acc . j li s.m : : j u 1 i- r.» t r k connected to the collector ar,j emitter. 
7 m network ftg-itti t:.c signals at the collector ana emitter to o< 
equal l r. a:i..ituu- , r. cr.ee r-lo an; h-lt are maac equal. In oraer to 
a.cu I.u.nr... tr.i. netw : and the oscillator, two buffer HT amplifier- 
arc us- u ict«u t.. ccciilator and the final power amplifiers. The 
r :»t. r ar^liiicrc a: c.'asc C type, using 2N54o? transistors. These or< 
c. nsc r v a t ive- 2.. rateu tor the u.:> watt output to each ferrite antenna. 

Im. a:-, ai. j. . tu tawe tne extra loaa prior to tuning the anter.r.a 
m proo-cti or.. 

I r. ■ final amplifier, have sufficient drive to cajse the collector to 
saturate ar.c essentially poauce a square wave output, thereby keeping 
efficiency as high as possible. Tne 7.5 ohm resistor in the collector 
is small compared to the antenna inpjt impeaance and limits current be- 
f . r c tne antenna is tur.eu in production. 

The transmitter is assignee to operate at 455 and ouu kilohertz. This 
requires tne frequency of tne oscillator tuning and the tuning of two 
ferrite antennas to be change a . The simplest way to change oscillator 
tur.iung is to switch between two pretunea slug-tunea inauctors. The 
simplest way to change antenna tuning is to switch between pretuned 
capacitors. The most practical way to do this is to use miniature TO-5 
latcning relays - one located close to the oscillator and another in 
the subassemtly containing the antennas, final power amplifiers ana as- 
sociated tuning capacitors. This platic protected subassembly measures 
2.25" X 2.2o" X 1.25" and is carefully designed with a PC board assemtly 
to insure short rigid leads between various associated components. 

This package has to De plastic to permit radiation from the antenna. 

The remainder of the circuits, consisting of the low level audio ampli- 
fier, VOX, modulation components, oscillator and buffers, are enclosed 
in a snieldea package of the same size as above. These circuits must 
be highly shieldeu against the magnetic field radiated by the antennas 
for proper and stable operation. All control switches and the micro- 
phone end battery connectors are mounted on this subassembly. The two 
subassemblies are then combined to form the complete wireless microphone 
package measureing 4.5" X 2.25" X 1.25". The transmitter is provided 
with three switch controls: the selection of either 455 or 500 kilo- 

hertz is maoe by a three-position switch. Moving this switch momen- 
tarily to one side or the other of the normal ly-of f center position 
sets latching relays for one frequency or the other. Another three 
position switch has a center position for transmitter idle, one momen- 
tary position for PTT ICOM and the other momentary position for PTT XMI . 
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The thud switch has two stijjy po! it ions, on> f > < i VOX, t f . • oth«r 2ot 
Vox. Itu ti am.ri t tit i: completely oil with no po«*' t ot^ir. in the V0a 
petition only, The vox mode operates only in conjunction with the xv. 
mouc . 

4.2 Tflt KtCtlVth Ul.nl '.IN 

The receiver oe . 1 -j r, 1 . jurt as important as th« tran ltt'f desigr. 1 <■ 
otu«r to ot'tain a sr >tfily operating, reiiabl* overall sy::t».r. Vi i r 
exiting receiver equipm, e-nt far iron, meets the special requirement f 
this application. 

Lve ntr.c „ tr.c transmitter tuJiates an om.n ltn re ct lor.a. signal, t» re- 
ceiving antennas au retired, or tnogonal ly placeo to insjre reception 
ter all positions relative to the transmitter antennas. Furtherm re, 
it is not possible to comiine signals from these receiving antenna 
ir.t e :.i receiver, te cause some position may be fojr.d where the signa.. 
in eac inti • \ 1 1 . but opposite in phase, t l . giving set 

ojtp-t. It is therefore necessary to use two receivers ana to select 
the test signal automatically for loot reliability in all position- of 
the antennas. This sounos complicated ana appears to require much 
equipment. As will soon dc seen, nowever, tms is not the case. Ac- 
tually, Dotr. receivers (less their antennas) could be mounted on a 3” 
a j" PC board with a maximum parts height of o.?;>". This compactness 
enables tne receivers to be mounted in the SMU at the cost of a small 
increase in tne neignt of its housing. Tne two antennas, in the form 
of an "a", are mounted in front of the SKU speaxer. They will be en- 
cased in a tough plastic housing which maxes them, mechanically reliable. 
Tests show that the sound pattern is not noticeably effectea by tms 
antenna arrangement in front of tne speaxer. (Test results for this 
arrangement are given as an attachment to this report.) 

At the low frequencies of 4 55 and 5uu kilohertz, it is not necessary 
to use a superheterodyne frequency conversion receiver. Tnis factor 
alone constitutes a substantial step in reducing complexity and space 
requirements. Furthermore, a local oscillator with its radiation prob- 
lems is avoided. Two receivers are to be furnished NASA under this 
contract (each is actually two receivers as described above), one oper- 
ating at 455 and the other at 500 kilohertz. As discussed earlier, 
each deck of the craft will use a different frequency. The two re- 
ceivers have the same aesign ana differ only in the tuning of the an- 
tenna, the frequency of a ceramic banopass filter, the tuning of the 
discriminator ana tne tuning of a third harmonic circuit to be dis- 
cussed later. 

Thus, these FM receivers are suppliea fixed-tuned to one frequency. 

Due to the natur of an FM receiver, the output signal level will re- 
main constant regardless of signal input level so long as limiting 
exists. A unique means is provided in each receiver to gate off the 
output audio before any noticable degradation of quality or any notic- 
able reduction in signal/noise occurs due to a drop of input signal 
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level. Ni oi )• vt i > n.i 1 ru in buiits art allowed before g.it'-olf occji 
wii*. n tin 1 1 an: 1 1 t « i i uit oil. Should a faut-out occji lor on* t<- 
C( i ve t . a st 1 1 v t > t iiiv'Jit will switch to the other receiver 1 1 it i 
providing j goou tMui, The* selector will hole this sigr.ul so Ion; 
as it is <ji>ou, even tt ..gh the other receiver may have returned to g 
operation with u strong*, t signal input. This switching between re- 
ceivers is 1 1 ec ol transients and is fast enough not to Lc noticeat-1 . 
Since the auui. ii:r.ul output is fed to the SM'J, which ho an sutoirati 
gain control, neither trie transmitter nor the receiver nee ah A(jC . The 
leotivit auai output i ever on* volt rms with a driving impedance of 
► >.<. on." . Kecciver sensitivity is sufficient to operate properly at a 
- - loot tar;.- , which is t»icc the maximum range- encountered in the 
hpacc Ehu* tl • . sir.c* trie tranc-itted signal attenuates lo dB each ti“‘ 
oi-tanct is Uv-il- , it is believed this aesign has a conservative safety 
f a c t o r . 


recer.’ii antennas use the same type of ferrite that is used in the 
tran- itter: ftrroxcuLc »-l material with an initial permeability of 

- - , a c: f v.4o M X U*12" ana a length of The *„*,.- 

ir..j uses 1 v*. t-rn. of *o. wo copper wire. The \j of the tuned antenr.a 
is «.u, giving a tanowiatr. of Kilohertz at &UU Kilohertz ana 22. b 
Ki-or.ertz at oi Kilor.ertz. (Inc bandwidth is much greater than the 6.o 
KiiOr.ertz canawiutn of tr.e transmitted signal ano is therefore not 
critical.) The impeaancc of the antenna is about bUK ohms. This high 
impeoancc requires tr.e first amplifier to have a high input impedance. 
Tr.e SL- u u 4 , made by Signetics, is a dual gate FET capable of very low 
lhtermoaulat lor. at high signal levels. Other strong signals or noise- 
components tr.at may be present in the craft therefore have less chance 
cf causing mtermoaulation with the desired signal. The antenna is 
capable of generating several thousano microvolts when the transmitter 
is very close to the receiver. In the future, more than one transmit- 
ter might be usea in the same chamber, so it is desirable to avoid a 
senojs intermodulation problem. 

The outpjt of the first amplifier couples to a bandpass filter where 
practically all the selectivity of the receiver is obtained. This 
filter is a very compact one that will meet the MIL-NASA SPECS. It 
uses ceramic discs to produce a bandwidth of 16 Kilohertz at the 6 dB 
points and an attenuation of bU dB at twice this bandwidth. This fil- 
ter, rnaoe by Vernitron, is about .327" in diameter and 1.17" long. The 
filter ojtput is coupled to a TV-FM chip by means of a matching trans- 
former wnich provides a voltage gain of 12 dB. The minimum limiting 
level of tms chip (3u6S, made by several firms and meeting MIL-NASA 
specs when pacKaged in a ceramic case) is 2U0 uV . This chip limits the 
signal at the 1.6V p-p level, detects the signal with a quadrature de- 
tector requiring a single tuned circuit, amplifies the audio signal to 
1.0V rms and also provides an electronic attenuator which is used to 
mute the output when transmission ceases or drops below the limiting 
level as described above. 
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Tiic c 1 1 cult tt at select r th< signal 1 1 orr. only one of the mt jv». i: *• 
a ioim v l 1 1 1 {. — 1 1 o|> circuit with some hysteresis to prevent jitter wh» n 
the two control n^iuh an equal. tact, control signal is derived tr 
the output of the iurt limiter. The selector circuit operates on tr.* 
principle that a long a; limiting occurs, a square wave output will t-< 
present and this will contain a third harmonic component signal. This 
signal is octectru ir. cacti receiver and is useo to control tr,< flip- 
t 1 Of in sjet. a way a. to octal n the audio switching arm r .tir. j o< c 1 1 : < i 
earlier. 

The two receivers use a total ot om watt power fron a sinjl'-endeo 
supply ol 1^ Vt>* . 

Ti.e overall total narn.or.ic distortion of the transmitter ana receiver 
is less tr.on 5i . 
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The wireless mici ophone system has been developed to provide crew mem- 
bers of the Spaci Shuttle Orbiter with a communication capability while 
away frotr their rormal stations. The wireless microphone eliminates 
the" need for trailing umbilical cables which would be inconvenient and 
possibly hazardous, it permits a hands-free operation which allows the 
crew member to concentrate on the instrument manipulations or repair 
activities that he is concerned with* 

BACKGROUND 

Both NBC and CBS in their recent coverage of both national conventions 
used wireless microphones and experienced fade-outs during several inter- 
views. This occured even though more than one receiver was used. Today, 
communication engineers regard radio communication whthin an enclosure 
as unreliable, and it is the subject of many technical articles ‘through 
the years, All of the commercial systems we know of use frequencies 
above 20 megahertz. Such systems invite multipath (reflections) pro- 
blems which cause cancellation or null pickup problems. Furthermore, 
these systems are complex, large and power consumming. All of this, 
plus NASA's dislike for wire antennas that can easily be broken off or 
injure an eye pretty much ruled out the "usual" approach. 

The demonstration system we bring with us today operates at 455 kHz. 

The transmitter is an omnidirectional radiator using the near magnetic 
field. The receiver (actually two receivers with ferrite antennas) also 
provides omnidirectional pickup. At this low frequency, reflections 
within the space craft will always be in phase (for all practical pur- 
poses) and will add to improve the signal level. Hence we have an over- 
all omnidirectional system that will not experience null situations. 

At these low frequencies, radiation in and out of the space craft will 
be highly attenuated due to the relatively small openings compared with 
the wavelength. This also applies between chambers of the space craft, 
so the same frequency can be used (FM system captures the strongest sig- 
anl) in different chambers. Although NASA did not make it a requirement, 
it is believed that a secure system, that is immune to spying or jamming 
from outside sources, would be desireable. 

DESCRIPTION 


Wireless Microphone Transmitter 


The wireless microphone transmitter is a narrow band FM system which 
operates at 455 kHz carrier frequency (or 500 kHz) , with a + 3 kHz fre- 
quency deviation. The audio bandwidth is 300 Hz to 3.0 kHzT with less 
than 57. maximum distortion at 1.0 kHz. . . 
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The low carrier frequency has been chosen to keep the wavelength large 
compared with any internal dimension of the vehicle, thereby eliminating 
any standing wave condition in the cabin volume, ("A* 600 meters). The 
long wavelength also assures that the radiated signal is vanishingly 
small; the receiver operates entirely in the near field of, the trans- 
mitter antenna, and in effect the two antennas constitute loosely cou- 
pled transformer windings. 

The transmitter uses a pair of ferrite bar antennas which are mounted 
orthogonally and driven by two signals which are in time quadrature. 

The resulting antenna magnetic field pattern is therefore rotating in 
space, and tends to prevent reception nulls which might arise for cer- 
tain relative orientations of transmitter and receiver antennas. 

Amplified microphone audio signals drive a pair of varactor diodes which 
form part of the tank circuit for the A55 kHz oscillator, modulating the 
oscillator frequency in proportion to the audio signal level. The out- 
put of the oscillator is fed through two MOSFET buffers to the two an- 
tenna coil drivers , with a 90° phase shifter included at the input to 
one of the MOSFET’ s. 

Both PTT and VOX modes of operation are provided. DC power to the main 
oscillator and antenna drivers is gated through the PTT switch, or via 
the VOX output sv.’itching transistor. In the VOX mode, an attack time 
of approximately A milliseconds is provided, with a release time of the 
order of 1.5 seconds. 

The transmitter standing power drain is less than 12 milliwatts. When 
keyed, the transmitter drain is just under 3/A watt. The transmitter 
dimensions are 3” x 3” x 1.5”, less the battery pack, which is a sepa- 
rate package. It has been suggested by NASA, that a separate battery 
pack be used to enable flexibility in supply requirements for different 
mission requirements without upsetting the transmitter package. 

We find that the ferrite antennas, whose dimensions are 0.A8” x 0.120” x 
3.75”, can be located as close as 0.5” from an aluminum surface where 
the 0.A8” dimensions is parallel with the aluminum surface, without any 
significant degradation in performance. This applies to both receiver 
and transmitter. This makes for a very compact antenna system which, 
when encapsulated in a suitable plastic, will offer high reliability. 
Also, tests show detuning due to hand capacity 0.5” from the antennas 
does not degrade performance to any noticable extent. 

Battery Power for the Wireless Microphone 

Telephonies recommends the use of the hailory Lithium/Organic batteries 
as a power source for the Wireless Micorphone transmitter. This recom- 
mendation is based upon the superior energy density and voltage regu- 
lation attainable with L/0 batteries as compared with Ni Cad, Mercury, 
Alkaline, or Carbon/Zinc cells. Manufacturer's data indicates that 
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vo I uru 

re'-iiv '*•' vi.jt.i supplied by the Mallory Battery Company indicate* 

th.<i t'« ' 1 1 thiun Organic battery can be considered non-hazard< ; 

u:..h : :' i cot. Jit v-*: i - of use anticipated for the wireless microphone . 

F\i r.i.-rd:v ir:l\ even abuse appears necessary to evoke either cell 
vent in on explosion of the cell; appropriate fuse protection in the 
bat’er- carrier should be sufficient to prevent the onset of any sigr.:- 
abr.orma condition. 

In s..'' rt o: the viewpoir’ that the L0- 30 type cells arc non-hazardou , 
re’irru s' ild be made to the following reports 

"Not -Hazardous Primary Lithium Organic Electrolvte Batter/", 
by Mr. T. Watson, ECOM- 73-0282-F , OSD- 1366, Ocotber ’74. 

"A: . Testing of Li/SO., Cells and Batteries", by H. Taylor and 
b. McDonald (of Mai lory' Co .) , June ’76. This pre-print include 
: set of references to prior pages on the same subject. 

c 'i L* - 30 Da‘ a Sheet 

d) Mallory battery Company Correspondance 

e) Mallory battery System Characteristics 
W.r<.l<. * Mi c roph nc- Receiver 

At -55 r He the receiver can be a straight tuned RF receiver that does 
not require a su; erhetrodvne frequency conversion, thus avoiding a lo- 
cal oscillator tl at would cause radiation problems. Our present de- 
sign makes use of a TV-FM chip which takes the input signal at 455 kHz 
at the- 200 uv level, limits the signal at 1.6v p-p, detects the signal 
with a quadrature detector requiring a simple tuned circuit, and ampli- 
fies the signal to earphone level. The chip (3065, made by several 
firms, meets MIL-NASA specs when packaged in a ceramic case) also pro- 
vides an electronic attenuator circuit which we use to mute the output 
when transmission stops in either PTT or VOX operation. Actually two 
receivers and twe antennas are used for 100% reception reliability. 

This is practical because each receiver requires only two chips, a small 
ceramic bandpass filter and a few associated discrete parts. It is prac 
tical to mount both receivers on a printed circuit board 3" x 3". The 
ferrite antennas are 3.75" long, arranged in a 90° "X" and protected by 
a plastic housing. Hence the receiver package will be not more than 
3" x 3" x 1.5" including both electronics and antennas. 

The receiver antenna' 1 provide circuit Q's of approximately 20; the in- 
put bandwidth is thus + 11 kHz. The antenna signal is processed through 
a wideband op-amp with a 20 dB gain, then through a 9 hole lattice-fil- 
ter having 10 kH : bandwidth at the 6 dB down points. The filtered FM 
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sign'll is then fed into a 3065 M TV Sound System” integrated circuit 
which provides tne FM limiting, detection, and audio pre-amplification 
functions on a single chip. A single LC tuned circuit is associated 
with the 3065 IC. Audio output level from the 3065 IC is over 1 volt 
rms at distortion levels below 57». 

The 3065 IC operates with a single ended supply of +12 VDC; this is 
also suitable for the dual wideband op-amp. Combined power dissipation 
with both receiver sections operating is of the order of one watt. Both 
receiver sections can be packaged on a printed circuit board 3” x 3” 
or less. 

The receiver dimensions are such that the PC board can be mounted in 
the SMU at the cost of a small increase in the height of the housing. 

The receiving antenna can be mounted in front of the SMU speaker. 



101 


A DIVISION or MSTmAKMT SYSTEMS OONKMATKM 


B 


l 


ORIGINAL PAGE IS 
APPENDIX I - TEST PLAN OP POOR QUALITY 

WIFELESS MICROPHONE TESTS 


1) Determine mir imum and maximum receiver audio outputs with the trans- 

mitter separated from the receiver by the following distances in 
feet: .5, 1, 2, 4, 8, 16, 32, and dropout. 

2) Measure distortion through the system at transmitter/receiver spac- 
ings of 6 and 15 feet. 

3) Measure the audio bandwidth of the system at the 3 and 6 dB points. 

4) Measure the VOX attack and release times. 

5) Measure the transmitter power while transmitting and not transmit- 
ting, and measure the receiver power. 

6) Determine the transmitter field strength. 

7) Determine the susceptibility of typical electronic equipment to the 
transmitter power at various distances. 

8) With the transmitter/receiver spacing equal to 15 feet, determine 
the system susceptibility to a 455 kHz electronic current on a 3 
foot length of wire spaced at various distances from the receiver. 
The wire/receiver orientation should be for maximum coupling and 
the transmitter/receiver orientation should be for minimum coupling. 
The data should show wire current as a function of wire/receiver 
spacing for loss of capture of transmitter signal. 

9) Determine typical speech limiting in the transmitter. 


r 
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APPENDIX II - TEST RESULTS 


Test 1 Audio Output vs. Transmitter to Receiver Distance 

Test 2 Audio Distortion 

Test Audio Frequency Response 

Test VOX Attack and Release Time 

Test «5 Transmitter and Receiver Power Drain 

Test Field Strengths Previously Measured; 

See Appendix III 

Test &7 Effect of Transmitter cm Nearby Electronic 
Equipment 

Test -ft Susceptibility of Wireless Microphone Receiver 
to Interference from Adjacent Shuttle Circuits 

Test -#9 Microphone Level 
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TEST fll 


Determine minimus and maximum audio output vs. T/R spacing, 

AUDIO OUTPUT, mv. " 


spacing, ft . kin: m 

0.5 520 560 

1.0 540 580 

2.0 530 560 

4.0 580 620 

8.0 500 540 

16.0 280 620 

32.0* 280 680 

22.0 280 620 


* Careful orientation of receiver, one drop out position was found. 
At 22 feet solid reception was obtained. 
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TEST #2 


SYSTEM; TOTAL DISTORTION 


ORIGINAL PAGK U 
OF POOR QUALITY 


A frequency selective HP Voltmeter #3591A was used to measure system 
distortion (transmitter and receiver). A 500 Hz tone at 60 uv level 
was used to modulate the transmitter to its full FM excursion + 3 kHz, 
(without clipping, which protects against over modulation). Tests were 
made at 6 feet and 15 feet. (Bandwidth of voltmeter; 100 Hz) 


LEVELS, mv. 


Fundamental 

6 

(500 Hz) 

FT. SPACING 
540 

15 FT. SPACING 
560 

2nd Harmonic 

(1000 Hz) 

2.5 

9.5 

3rd Harmonic 

(1500 Hz) 

23 

22 

4th Harmonic 

(2000 Hz) 

6 

4.3 

5th Harmonic 

(2500 Hz) 

3.9 

4.7 

6th Harmonic 

(3000 Hz) 

1.2 

1.4 

Total Distortion ■ Y(2nd)^ + (3rd)^4- . 

Fundamental 

@ 6 FT. * 4,57» Distortion 

• • 



@ 15 FT. « 4.47c Distortion 

* Receiver output into 500 ohm load. The transmitter modulation level 
is set for a 60 uv microphone input for full modulation + 3 kHz. 
Clipping is used above this level to limit FM excursion to 3.5 kHz. 
The demonstration receiver uses 500 Ohm earphones. Receiver band- 
width is 10 kHz @ the 6 dB points, this allows + 2 kHz tolerance. 
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FREQUENCY RESPONSE OF SYSTEM; (TRANSMITTER AND RECEIVER ) 


FREQUENCY, Hz 

LEVEL, mv, * 

280 

400 


300 

450 

(-3 dB) 

400 

540 


500 

600 


1000 

660 

(Max. 0-i 

1500 

620 


2000 

520 


2200 

470 

(-3 dB) 

2500 

400 


3000 

330 

(-6 dB) 

3500 

290 


4000 

260 



Receiver output into 500 Ohm laod for a transmitter input of 60 uv 
(just below limit level). 

Transmitter - Receiver separation 15 Ft. 
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TEST #4 


VOX ATTACK AND RELEASE TIME 


Transmitter only using full modulation (70 uv 3000 Hz input) , the VOX 
attack time is 0,6 ms. 

Transmitter and receiver attack time (includes time for mute circuit to 
turn on) is 4 ms, 

Transmitter release time is 1.6 seconds, 


* 


i 
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TEST #5 


TRANSMITTER - RECEIVER POWER 


Receiver: 12V @ 41 ma - 0,49 watts 

Transmitter: VOX (Stand By) 5.8V @ 2 ma 

11,6 mw 

PTT (Transmit) 5.8V @ 122 ma 
0,71 watts 
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EFFECT OF TRANSMITTER ON NEARBY ELECTRONIC EQUIPMENT 


For this test, the wireless transmitter was placed a few inches from 
the microphone irput circuit board of an open ATU, Tne transmitter 
was keyed repeatedly, while the operator listened to the ATU audio 
output, No perceptible interference was found, nor any keying clicks, 

A similar test with the transmitter keyed adjacent to a high impedance 
oscilloscope probe did indicate some interference. This was not un- 
expected; significant electric fields do exist within a foot of the 
transmitter antenna. 
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TEST * 8 


EFFECT OF INTERFERING SIGNALS AT THE WIRELESS MIC RECEIVER 

TEST #8A 


Interfering Current; 200 microamps 

Frequency; Approximately 455 KHz, vernier tuned for greatest 
degradation of received signal. 

Distance From Transmitter to Receiver; 15 feet 

Varied the distance between receiver and interfering wire. At 11 1/2 
inches between antenna center and the wire, the signal is marginally 
intelligible. At 12 1/2 inches separation the received signal is 
very clear. 


TEST #8B 


Distance From Transmitter to Receiver; 15 Feet 

Frequency; Approximately 455 KHz, vernier tuned for greatest degrada- 
tion of received signal. 

Distance From Antenna Center to Wire; 6" 

Varied the interfering current. At 50 microamperes, the voice signal 
is marginally intelligible. At 40 ua or less the received voice 
signal is very clear. Calculations indicate that a long straight wire 
carrying 200 microamperes should induce approximately the same signal 
level at the receiver, located one foot from the wire, as the wireless 
transmitter would induce at a distance of 13 feet. This is a fairly 
good check on test 8A. 

It was noted that a very minute de-tuning of the interfering signal, ie., 
a fraction of 1 KHz, would reduce the interference effect very drasti- 
cally, leaving very clear reception. This was evident in both tests 
8A and 8B. In other words, a concerted effort was required to achieve 
interference. At slightly greater detuning, the antenna could be 
brought within 1 1/2 inches of the interfering wire with no adverse 
effects . 
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A 


TOP VIEW 



TEST #8C 


For this test the wireless microphone transmitter was turned off. 
With no interfering current, the observed noise voltage across the 
headset resistance (500 ohms) was 0,6 millivolts. 


The interfering current was adjusted to 455 KHz and set to various 
levels while the receiver separation from the wire was adjusted until 
a noise voltage increase to 1.5 millivolts was observed across the 
receiver headset resistance. This provided a check on the ability 
of interfering signals to release the noise muting. Typical results 


were: 


1.2 ua 

4.5 ua 

7.6 ua 
30. 0 ua 


- separation 12" 

- separation 36" 

- separation 72" 

- separation 108" 


This indicates that to avoid transmission of receiver noise to the 
rest of the ADS, circuits carrying 455 KHz signals in the spacecraft 
should be routed in metallic trays or otherwise shielded to avoid 
turning on the id re less microphone receiver noise. 


An alternate would be to keep the wireless mic transmitter on, avoiding 
capture of the circuit by spurious signals. 


Ill 
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TEST #9 


MICROPHONE LEVEL 


A Turner # 35A dynamic microphone is used in the feasibility model, 

When clipped on the chest 6" below the mouth, at normal speech level, 
full modulation occurs, with some limiting estimated at 6 dB. 
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* Section II has been omitted since it contains the test 

conditions (for the cell and battery) which have already been 
detailed in Section I. 


** Section III has been omitted since it contains battery 
fabrication and discharge test requirements for only the 
particular battery - BA5590( )/U. 
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I, PROGRAM SUMMARY 


I, OBJECTIVE 

The subject Final Technical Report concerns the development and fabrication of Battery No. BA-5590 ( )/U in 
accordance with the performance/safety requirements as defined in the Technical Guidelines for Non-Hazardous Primary 
Lithium-Organic Electrolyte Batteries dated 29 March 1973. Our primary concern has been the fabrication of the subject 
batteries in conformant with these guidelines and most important, the development of effective safety mechanisms to 
insure non-hazardous operation under all conditions of storage, use and operation. Basic considerations for such safety 
mechanisms were system reliability, effectiveness, economics and adaptability to eventual automated production. 


2. REFERENCE DOCUMENTS 

2.1 Contract No. DAAB07-73-C-0282, BA-5590 ( )/U dated 2 July 1973. 

2.2 Technical Guidelines for Non-Hazardous Primary Lithium-Orpnic Electrolyte Batteries dated 29 March 
1973. 


2.3 Technical Report, DD Form 1423 Exhibit B, Battery BA-5590 ( )/U, Fabrication Test Phase dated 25 
June 1974. 


3. CELL CONFIGURATION 


3.1 Cell Selection 

The LO-26 "D” lithium cell was utilized to fabricate the required BA-5590 ( )/U battery. 

3.2 Cell Construction 

3.2.1 Cell Component Description 

The anode consists of one continuous strip of lithium ribbon which serves as both the active elec- 
trode and current collector. Anode size as it interfaces with the cathode is nominally 20 x 1,75 inches 
yielding an active surface area of 35 square inches per cell. 

The cathode consists of a carbonaceous mix deposited on a current collector of 5 A1 12-3/0 ex- 
panded aluminum grid. Cathode size is nominally 20 x 1 .75 x .028 inches yielding an active surface 
area of 35 square inches per cell. 

The separator is microporous polypropylene which is 48 inches long by 2 inches wide. 

The electrolyte consists of 70% sulfur dioxide by weight. The remaining 30% contains lithium 
bromide and the orpnic solvents. 

3.2.2 Cell Fabrication 


The call is constructed by winding rectangular strips of anode-aeparator-cathode-separator stacks of 
the aforementioned dimensions into a cylindrical roll which is then inserted in a nickel plated steel can 


as shown in Figure I . This method of construction is employed to give the cell a high rate/low temper- 
ature capability by increasing the surface area of the electrodes The anode terminal is electrically 
connected to the steel can. The cathode terminal is electrically connected to the aluminum cover/vent 
assembly which is insulated by a glass filled polypropylene grommet. The cell is t lien hermetically 
scaled by mechanically crimping the cell can over the grommet. The cell is subsequently evacuated 
and filled by the introduction of electrolyte through the rubber septum- Epoxy is applied at the 
crimp interface to minimize low temperature electrolyte leakage. The vent disc fill port is then filled 
with solder to further minimize electrolyte leakage and permeation within the septum. 

3.2,3 Cell Vent Mechanism 

The yell employs a pressure sensitive venting mechanism which will safely deactivate a cell at an in- 
ternal pressure of 350450 psi (SOj) which is equivalent to a temperature of 200-220^. The vent 
design as shown in Figure 2 consists of an aluminum vent disc/copper ring tab which is ultrasonically 
ring welded to the cell top/septum assembly. Excessive internal pressure causes vertical displacement 
of the septum within the cell top. Cell venting is primarily accomplished by shearing of the vent disc 
by the septum. This results in complete venting of the pressurized electrolyte and cell deactivation. 

3.3 Outline Dimensions 

Cell Height: 2.345 inches maximum 

Cell Diameter. 1 .335 inches maximum 


4. BATTERY CONFIGURATION 


4.1 Packaging 

Battery No. BA-5590 ( )/U consists of two identical 1 2 volt sections each containing five “D” lithium cells. 
The cells are packaged within a poly-laminated fiberboard case, painted lusterless olive drab per Federal Stand- 
ard No. 595. Filler material is used as required to provide adequate structural strength to the battery and mini- 
mize interna] movement, The battery utilizes a floating connector in accordance with requirements of the 
Technical Guidelines. 

4.2 Electrical Protection 

Each battery -.ection is protected on its positive leg with a Lit defuse No. 313000 series fuse rated at 10 amps/ 
32 volts. This fuse is of the “SLO-BLO” or time delay type designed to withstand momentary high current 
surges yet protect the battery against external short circuits. The electrical characteristics of this fuse are as 
follows: 

FUSE RATING RESPONSE TIME 

110% 4 hours minimum 

1 35% I hour minimum 

200% 5-60 seconds 
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5. ELECTRICAL REQUIREMENTS 


5.1 Load Voltage 

Voltage 24.') volts nominal 
32 0 volts maximum 
20.0 volts minimum 

5.2 Discharge Characteristics 

The battery was continuously discharged through load No. I resistance for 10 ms., then through load No. 2 
resistance for one minute and finally through load No, 3 resistance for nine minutes. 

LOAD No. I (ohms) LOAD No, 2 (ohms) LOAD No. 3 (ohms) 

8 4 1% 39 4 1% 560 4 1% 

5.3 Service Requirements, End Voltage 20.0 Volts 

a. 48 hours under immediate discharge at 75 4 7°F. 

b. 42 hours under immediate discharge at 125 4 3°F following stabilization for a minimum of 8 hours at 
125 4 3°F. 

c. 24 hours un Jer immediate discharge at -20 4 3°F following stabilization for a minimum of 8 hours at 
•20 4 3°F. 

5.4 Storage Requirements 

The battery must deliver 90% of the above service requirements after 30 days storage at 160 4 3°F. 


6. SAFETY DESIGN INVESTIGATION 
6.1 Temperature/Current Limiting Fuse 

A fuse sensitive to both temperature and current was designed and fabricated in an effort to evaluate its 
merit as a safety mechanism. Thi basic design of the fuse is shown in Figure 3. This configuration permits in- 
sertion within the central winding cavity of each cel! and connection in series with the anode tab. This tab was 
selected due to its metallurgical compatability with the fuse terminals thus minimizing electrochemical corro- 
sion effects. 

The fuse essen'ially consists of a non-resetablc thermal cutoff in conjunction with an externally wound heater 
element. Incorporated in the design is a non-conductive solid pellet which maintains a spring loaded electrical 
contact under notmal operating temperatures. When the predetermined rated temperature (185 4 3°F) is ex- 
ceeded in the cell the pellet will melt, allowing the electrical contact to open and break the circuit. The entire 
assembly, including the pellet and other components, is encased and epoxy sealed. The fuse assembly was en- 
capsulated in Dow Coming QR-4-31 10 silicone elastoplastic to minimize permeation of the electrolyte. The 
thermal/current fuse was found to electrically deactivate a cell under the following conditions: 


129 


FIGURE 






External stunt circuit and/or high current discharge above the rated fusing current 

- High temperature/current discharge above the rated fusing temperature. 

* However, the thermai/current fuse will not protect against most internal winding shorts nor against severe 

high temperature storage environments. In addition, electrolyte permeation through the potted encapsulant 

resulted in corrosion of the internal fuse components. This corrosion was sufficient to form a variable rests* 

tive path which can cause cell self-discharge, In addition, there are several other disadvantages. 

- The present thermai/current fuse represents a volume of approximately 0.98 cc. Use of this fuse will re- 
sult in a corresponding reduction of electrolyte volume. 

- Thermai/current fuse impedance will have an adverse effect on cell discharge performance and will de- 
grade cell capacity during prolonged storage. 

~ Material and fabrication costs. 

6.2 Current Limiting Fuse 

An alternative internal fuse configuration for each cell was also evaluated in an effort to develop a more sim- 
plified and economical fusing mechanism. The fuse is shown in Figure 4a. It consists of a localized reduction 
in cross-sectional area of the anode tab material (nickel) which provides current limiting protection under most 
external short circuit conditions. Nickel was selected as the fuse material due to its compatability with the elec- 
trolyte and its overall metallurgical properties. In addition, a thermal shield (polyethylene) was installed around 
the fuse to minimize heat transfer to the electrolyte. This configuration permits insertion of the fuse along the 
external wall of the winding and connection in series with the anode tab as shown in Figure 4b. The current 
limiting fuse will electrically deactivate a cell only upon application of an external short circuit and/or high 
current discharge above the rated fusing current. The fuse will not protect against most internal winding shorts 
nor against severe high temperature storage environments. Again, some form of venting is required. In addi- 
tion, there are se\ era) other disadvantages: 

- The current limiting fuse is quite sensitive to low-level vibration and shock due to its small cross-sectional 
area. 

- The fuses are quite difficult to fabricate and installation into the cell is quite operator sensitive. In addi- 
tion, some form of thermal shielding may be required to obtain uniform fusing characteristics. 

- Corrosion of the small cross-sectional area of the fuse during high temperature storage may alter the fuse 
parameters. 

6.3 Recommendations 

It is felt that the internal thermal/current fuse configuration is an unreliable safety mechanism due to elec- 
trolyte permeation within the fuse. The more economical current limiting fuse is not considered to be suitable 
due to its limited protection capabilities and its vulnerability to shock and vibration. A pressure sensitive vent 
mechanism is considered to be the most reliable, effective and economical means of cell deactivation. 

6.4 Vapor Absorption 


Cell venting of any nature results in the rapid emission of sulfur dioxide and electrolyte solvents within the 
battery. Should all ten cells vent under worst case conditions, internal battery case pressure can be as high as 
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210 psia Condo! ol such a condition may be accomplished in most applications by containment and subsequent 
absorption of the gaseous vapors However, vapor containment requires hermetic sealing of the battery case 
and its connector jsscmhl) Due to the materials and fabrication costs of such a battery package, it was recom- 
mended that vapor absorption not be utilized as a safety mechanism. 


7 , 


SAFETY EVALUATION 


7.1 Cell Tests 


Both fresh and partially discharged "D” cells were subjected to the following hazardous tests/environments 
in accordance with paragraph 3,2,1 of the Technical Guidelines: 


a, Short Circuit Test 

b, Increasing Load Test 

c, Hot Plate Test 




d. Cell Deformation Test 

e, Dynamic Environmental Tcsi 

f, Case Rupture Test 

g. Incineration Test 

7,2 Battery Tests 


BA-5590 ( )/U batteries were subjected to the following hazardous tests/environments in accordance with 
paragraph 3.2.2 of the Technical Guidelines: 

a. Short Circuit 1 est 

b. Increasing Load Test 

c. Hot Plate Test 

d. Immersion Test (Tap Water) 

e. Immersion Test (Salt Water) 

f. Reverse Discharge Test 

7.3 Test Results - Cell Leve l 

All tests were conducted within a fume hood under controlled environmental conditions. 

7,3.1 Short Ciicuit Test 

An external short circuit of less than 0.1 ohm was applied to the test cells until venting and/or 
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stabilization oeturied. All fresh cells were safely deactivated within 8 minutes when internal tell 
pres'ure was sufficient to activate the vent mechanism it approximately 370-470 psi. This is equi- 
valent to an external temperature of 200-220°F, No explosive condition was observed during expo 
sure of an open flame to fumes of the vented cells. Partially discharged ceils were observed to ther> 
mall, stabilize at a temperature below the venting level. 

Increasing Load Test 


Test cells were initially discharged -it two amps(c/S) for one minute. The discharge rate was 
linearly increased at a rate of I amp/r. ;iute until venting and/or stabilization occurred. All fresh 
cells were safely deactivated when internal cell pressure was sufficient to activate the vent mecha- 
nism at a current level of 8-10 amps. External cell temperature was observed to be 200-230°F upon 
cell venting. Partially discharged cells were observed to thermally stabilize at a temperature below 
the venting level. 

7.3.3 Hot Plate Test 

Test cells were placed on a hot plate and heated at a rate of approximately 20°F per minute un- 
til venting occurred. Both fresh and partially discharged cells were safely deactivated within ten 
minutes when the internal pressure was sufficient to activate the vent mechanism at a cell tempera- 
ture of 2 10-240°F. Maximum hot plate temperature was 350°F. However, this is not indicative 
of cell temperature due to substantial heat losses, 

7.3.4 Cell Deformation Test 

Test cells were placed between the insulated jaws of a vise in such a manner as to deform the 
lower half of the cell leaving the crimped seal section essentially intact. Pressure was slowly applied 
until a voltage drop indicated the presence of an internal short and/or until cell venting. All fresh 
cells safely vented due to condensation of sulfur dioxide gas into the liquid state and resulting hy- 
draulic pressurization of the liquid. Internal winding short circuits were insufficient to substantially 
increase cell temperature and were not the cause of cell venting, The test was repeated on cells pre- 
viously discharged to 50% of their nominal capacity with similar results. 

7.3.5 Dynamic Environment T est 

High “g” level sinusoidal vibration was applied along each axis of the test cells. Cell temperature 
and output voltage were continuously monitored to detect the presence of an internal short. The 
vibration profile was as follows: 

50 g, 5-2000 cps for 15 minutes minimum along cell horizontal and vertical axes. 

75 g, 100-2000 cps for J 5 minutes minimum along cell horizontal and vertical axes. 

No evidence of interna] cell shorting was observed during the vibration test. Immediately follow- 
ing exposure to the above vibration levels, each cell was discharged under a 7 ohm load at room 
temperature. The results show an average cell capacity of 9 ampere hours. 

7.3.6 Case Rupture Test 

A 0.250 inch diameter hole was drilled completely through each rigidly mounted test cell along 
its horizontal axis using a high speed drill bit. Rapid eacape of electrolyte through the drilled hole 
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and a subsequent loss of OCV was observed. Some sparking was also observed during the drilling 
cpeiation. Cell temperature in all cases decreased several degrees below room temperature due to 
the rapid loss of electrolyte pressure. No explosive conditions were observed-riming exposure of an 
open flame adjacent to the drilled hole, The test was repeated on partially discharged cells with 
similar results. 

7,3,7 Incineration Test 


The test cells were rigidly mounted in such a manner as to permit exposure of the cell base to 
the flame of a propan: torch, An explosive condition was observed on two cells during exposure to 
the flame. It is our opinion that this explosive condition was due to combustion of organic solvents 
in the presence of lithium within the sealed cell. Venting of these cells did not prevent a simultane- 
ous or subsequent explosion. Three additional test cells were observed to have safely vented upon 
exposure to the flame. Uniform heating of the cell was more likely to cause safe venting of the cell. 
Prolonged exposure of the cell to the flame after venting resulted in a lithium fire. 

The design change was made to increase the fill port diameter from .070 to .125 inch. This will 
increase the initial force on the septum by a factor of 2.2 without altering the pre-established vent 
characteristics. In addition, it permits a more rapid venting of pressurized electrolyte thus minimiz- 
ing the risk of a subsequent explosion. 

7.4 Test Results - Battery Level 

7.4.1 Short Circuit Test 

An external short circuit of less than 0,1 ohm was applied to BA-5590 ( )/U batteries until 
fusing and/or venting occurred. Each battery section was electrically protected with a Littlefuse 
No. 313000 series “SLO-BLO” fuse rated at 10 amp/32 volts. All test batteries were safely deacti- 
vated by the electrical fuse and/or cell venting. The electrical fuse was not found to be adequate to 
deactivate some test batteries because it required a 200% current rating (20 amps) to affect electrical 
deactivation within 60 seconds. Test batteries did not always deliver this current level for the required 
time and, consequently the vent mechanism was activated. Battery deactivation was achieved by the 
venting of 1-2 cells. 

7.4.2 Increasing Load Test 

Test batteries were initially discharged at two amps (c/5) for one minute. The discharge rate Was 
linearly increased at a rate of one amp/minute until venting and/or stabilization occurred. All bat- 
teries were safely deactivated when internal cell pressure was sufficient to activate the vent mecha- 
nism at a current level of 8-10 amps. Venting of one cell was sufficient to deactivate the entire bat* 
tery, Battery fuses were rated at 10 amps/32 volts and were not activated. 

7.4.3 Hot Plate Test 

Test batteries were placed on a hot plate and heated at a rate of approximately 20°F per min- 
ute until venting occurred. All cells were observed to have safely vented when the internal pressure 
was sufficient to activate the vent mechanism at a maximum case temperature of 260°F. Maximum 
hot plate temperature was observed to be 420°F. 

7.4.4 Imriersion Test (Tap Water) 

The test battery connectors were covered with waterproof tape. Each battery was fully un- 
met sed in tap water and subsequently discharged at the two amp rate to zero volts. All test batteries 
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wetv safely discharged i« it ro volts within an average time of 1 2 5 hours No significant voltage 
drop was observed during the tap water immersion. 

7.4.5 Immersion Test (Salt Water) 

Ihe above test was repeated using water with a 3.5 i 0.1% concentration of sodium chloride. A 
voltage drop of 0 3 volts was observed during the salt water immersion due to cell self-discharge 
AU test batteries were safely discharged to zero volts within an average time of &.! hours Tins loss 
of capacity was attributed to partial cell self discharge 

7.4.6 Reverse Discharge Test 

bach test battery was discharged in series with an external power source at the two amp rate for 
a period of 15 hours. Two batteries were safely deactivated by the venting of 3-4 cells within each 
battery. One cell within the third battery exploded approximately 45 seconds after start of the re- 
verse discharge. This cell was located adjacent to the battery connector. It is not known why this 
explosion occurred within such a short period of time. However, It is fell that localized combustion 
of the organic solvent in the presence of lithium may have initiated the explosion. Further combus- 
tion was most likely extinguished by the presence of sulfur dioxide within the cell. This condition 
was not observed on any other test samples, which safely vented during reverse discharge. 

7.5 Conclusions 

The cell vent mechanism and the battery fuse performed satisfactorily under most conditions of battery 
storage, use and operation. Vent activation occurred at a sufficiently high thermal level so as not to restrict 
high temperature cell/battery discharge performance, The ineffectiveness of the vent mechanism to preclude 
an explosive condition during the environments of the Incineration Test and Reverse Discharge Test was most 
likely due to the following: 

a. Low internal pressure gradient due to the poor thermal conductivity of SO 2 (0.005 Btu/hr. ft. °F). 

b. Slow release of pressurized electrolyte through the vent due to the cell top configuration and/or block- 
age of the fill port with separator material. 

7.6 Design Changes 


7.6.1 Cell Vent Mechanism 

A design change was made to increase the fill port diameter from ,070 to .125 inch. This will in- 
crease the initial force on the septum by a factor of 2.2 without altering ihe pre-established vent 
characteristics. In addition, it permits a more rapid venting of pressurized electrolyte thus minimiz- 
ing the risk of a subsequent explosion. The Incineration Test and the Reverse Discharge Test were 
subsequently repeated at Mallory Battery Company using cells with this design change, All ce'ls 
and batteries were safely deactivated and no explosive conditions were observed. It was not felt 
necessary to conduct the other tests with this design modification. 

7.6.2 Electrical Fuse 


<V design change was also made to decrease the battery fuse rating to 5 amps/1 25 volts to assure 
electrical deaci ivation under aD external short circuit conditions yet permit proper battery opera- 
tor under the required discharge profiles. The electrical characteristics of this fuse are as follows: 


FUSI HAT IS(> 


RESPONSE TIM I 


*■ ‘ PAGE IS 
* P< < f »H QUALITY 


ll(M 

4 hours minimum 

I.K*: 

1 hour minimum 

20tr 

5-60 seconds 


The Butter) Slum Circuit Test was repeated on batteries with this design ehange All test bat- 
terns were electrically deactivated and no cell venting was observed 


8. FABRICATION TEST PHASE 

8.1 Test Requirements 

Three (3) BA-5590 { )/l* hatternn were fabricated and stored fur 30 days at ! 60 (, h They were subse- 

quently discharged in accordance with paragraph 5.2 at .20°F, 75°F, and 1 25°F- 

8.2 Test Results 

The test resuhs showed that tlie test batteries substantially exceeded all minimum electrical service require, 
ments (See attached Test Report No. I). A summary of this data is shown below; 


SERIAL NO. 

TEST TEMP. 

HOURS 
REQUIRED 
TO 20.0 V 

ACTUAL HOURS 
TO 20.0 V 

START UP 
CYCLES TO 
REACH 20.0 V. 

0)36 

+ 75°F 

43.2 

82,0 

1 

0149 

■H25°F 

37.8 

78.4 

1 

0129 

•20°F 

21.6 

36.4 

3 


9. CONC LUSiONS/RECOMM ENPATIONS 

9.1 Electrical Performance 

The electrical discharge capacity of battery BA*5590 ( )/U substantially exceeded the minimum specifica- 
tions as required in the Technical Guidelines. In addition, the battery conformed to all dimensional and weight 
specifications. Therefore, the Mallory LO-26 “D" lithium cell is recommended as the cell component for the 
nibject battery. 

9.2 Safety Performance 

The cell vent nechanism and electrical fuse performed satisfactorily under the prescribed conditions of bat- 
tery use. storage and operation. The battery is therefore considered safe for use under all electrical discharge 
requirements as ipedfied in the Technical Guidelines, 

However, theie are some extreme environmental conditions such as incineration and reverse discharge where 
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the vent mechanism ma> m»t a|wa>s be sulficieiil to prevent ait explore condition Therefore, cauii m ‘.haul { 
be excuived du>inp exposure of the battery to such extreme conditions, Ceneral battery usage precaution 1 
would in Jude 

Do not discard fresh or discharged cclls/balteiies m a fire. 

Avoid diit\i short circuit of eells/battcnes 

Do not attempt to charge or reverse discharge batteries. 

Do not puncture or mutilate cells or batteries. 
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The* Lt '.SO,, system i.s amongst the most advanced, commercially and 

technically, o! the now lithium systems developed over the last decade. 

Its forte as a primary power system lor applications involving, particularly , 

1 2 

high power and low temperatures is unsurpassed. Recent publications * 
illustrate those capabilities. The system moreover has excellent shelf life, 
voltage regulation and provides superior energy density, all over wide 
temperature extremes. With the advent of field use of Li/SO^ cells and 

batteries, combined with recent adverse experience with the Li/SOCl, 

3 4 5 * 

system ’ * in some applications increased attention has been focused on 

the safe use and disposal of all lithium systems. It is the purpose of the 

2 G 7 

present paper is to extend the information already provided 1 ' on the 
Li/SO., system in particular, based on experimental data generated on 
single cells and batteries. 
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i:\n.Ki .yt \ iv*r .. n • j n ion • : 

"J hi U. 1..10 |ii> -pjrution n| materials •Jhd tin? construction ol colls have 

i ?. 

been describ'd p-miously. ' ' lOAlir size cells and batteries assembled 
from these were eniployrj us lest vehicles. All were of hermetic construc- 
tion und hri I wo I :ed enclosures with u gloss to metal feed through. A 
pressure activated vent (450 40 psio) of novel design and reproducible 

operation was incorporated in each cell can using standard high volume pro- 
duction tooling . 

Internally, edeh cell was designed for high power applications ana 

2 

employed approximately 500 cm of cathode area. The electrolyte likewise 
was optimized for high power applications . 

Cell vollac.es and current were recorded via Gould Model 220 Brush 
recorder*. Temperature was similarly recorded using a pro-calibrated thermo- 
couple affixed mechanically to the outside of the cell case. All tne dis- 
charges and charges were controlled with Hewlett-Packard power supplies 
operated as high output voltage constant current sources. Cell impedances 
were measured at ] Khz with a Wheatstone bridge using a Tektronix Type 
555 Dual Beam Oscilloscope. The data were reproducible within + O.l^. 

The internal pressure of selected cells was measured by means of 
a fine tubular pressure transducer and its associated amplifier controls 
(Standard Controls, Inc.) with a normal output of 5V at 750 psi and a + 3 psi 
quoted accuracy. The transducer was pre-packed with an electrolyte re- 
sistant silicone grease and calibrated in the laboratory against a sensitive 
Bourdon gauge before and after each experimental run. In operation it was 
connected to each ce-11 via a stainless steel needle inserted through a rubber 
septum in the cell top. The septum was normally encased hermetically 
within th • cell top. Insignificant corrosion of components was noted and 
no clufigv :n trar sducer sensitivity from the beginning to the end of each 
run . 
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l VII infill nation:* w u» pi rfornn* i at S40 C by din t insertion of the 
* i -to an i .\|lo:.nn pi >- >f Uirn.ic Ini a 2n an. |i'jf i* h J . In scparut* 
experiment . the elU cl: of diiecl applicati »n of a Homo tf* individual colls 
were also ox i mint'd . 

In many ti sts no circuit protection was in built, vis-a-vi:. slow Llow 
fuzes and diode: , and the cello or batterie s were deliberately the rmully 
insulated using tiber-frax. Such experiments constitute a de l iberate- mis-uso 
of the system and were performed to establish any extremes or limits for its 
safe operation. 

Cells were tested either in the fresh state* , in that they were exposed 
to ambient temperature stoiage only, or after elevated temperature storage 
for as long as 102 day; at 87°C. Moreover, the behavior of rion-discharyed 
and previously discharged cells and batteries was also characterized. Such 
p.-ior discharge was conducted over the temperature range - 40°C to + 52°C. 
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As .1 , .1 lu i«* I. its I'liMiimi i!t a :. 1 tori on th«? hazard*. t> sting con- 
ducted her > on i if l.i/Si sy: tfin it is instructive to note that oil of the? 
convcr.tioii.il pn iury ub.<hn. system:, now commercially available would 
constitute .1 lup.ird und- r one or more of the conditions selector]. Never- 
theless using pr >per controls cum safety measures the acceptance of such 
systems is widespread! It is equally important to recognize and appreciate 
the fact that the term lithium buttery in the present market already on- 

O 

compasses quite a \vid< range of systems , each comprising different 
chemical constituents and materials ol construction and design criteria. 


It is quite clear then that the safe or hazurdour nature of a particular 
chr~ cal syste,: within the family of lithium batteries is no*, necessarily 
a reflection on the characteristics of that entire family! 


Note finally that in the present work specific attempts were made to 
evaluate only the hermetically scaled, vcntablc Mallory Li/SO^ system, 
which was tested to its extreme limits. Indeed many of the tests conducted 
were carried beyond the limits which could be encounterc i in practice (with 
no severe huzarc s ensuing). Possible safety control devices (fuzes, diodes) 
were deliberately not employed in many tests. 
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IhCJi.t. f u > i t . n. v. i‘f ■ conducted <it 1>-1U°C and were designed to 
invertig.iU' .inv hu;*.ir i which might result from inadvertent exposure of 
the Li SO, systi n to excessive temperatures as, for example, in a fire. 

Of additional int' ror.t \vus the question of dcliberdte exposure to such 
temper iturrs as u meunr of cell disposal. Data were generated on single 
cells ana 15V battery packages. Cells in either case were in the relatively 
fresh state or stored for 1 month at 72°C. The state of dischorge of the 
systi -r. prior to incineration ranged from non-aischaryod to fully discharged. 
Prior discharging of cells was conducted over a range of temperatures from 
- 40°C to 52°C. 

In every c.se incineration for 20 min. resulted in quiet venting. 
Hermetic terminals remained unscathed; cell separators wore destroyed; 
ana lithium was apparently alloyed with materials of construction of the 
cells. The time to onset of venting could not be noted in the testing en- 
vironment but pre sumably occurred within the first minute of cell incinera- 
tion (when the internal cell temperature would result in an SC^ vapour 
pressure sufficient to activate the vent). 

Incineration thus appears to offer a possible means of disposal for 
the Li/SC^ system when used in conjunction with a means for removal of 
SO^ and other vapours released during the incineration period. The latter 
aspects require further consideration before any specific recommendation 
can be given. 

b. Short Circuit 

To investi jdto the behavior of the system on short-circuit a 0.001^— 
load v.\i- applied across the terminals of single cells. Mo fuze protection 
was employed and in many coses cells were deliberately thermally insulated. 
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C'-'l); VV.-iC : h.n.i' i ut Cltln 1 umbiOrit tt'fllp ./♦itilfO Of dftOf pn r»| oqUlllbr • ti'ili 
t»> /. Oncv liij.nri tno stale ol <1 1 ol the system prior to shorting 
rjngc.l tioi.i non di: ch uged to fully discharge I . I'nor discharging ol cell:, 
was conducted os beforv over u range ol temperatures from - 40°O to + 52°C. 

liguie 1 chows typical current, internal pressure and wall tempera- 
ture profile: on a fresh (45 days ambient storage) lion-discharged cell which 
was thojmully insulated and pre-cquilibrated at 77°C. The peal, current 
was 70 amps, stabilizing in the region of 55 amps. Quiet venting of the 
cell occurred after 20 sec. at an internal pressure of 440 psia. Then the 
internal prcssjro fell to atmospheric within 3 minutes. The cell wall tem- 
perature remained relatively unchanged peaking at 83°C shortly after venting. 
The cell voltage then was zero. A very similar pattern was observed for 
cells shorted at ambient temperature while thermally insulated. The time 
to venting was somewhat increased but occurred generally in < 1 minute. 

Extension of these data was conducted on cells stored for up to 1 year 
at ambient temperature or 3 months at 72°C. With increase in storage time 
and/or temperature lower initial current output was realized. The latter 
te-nded to increase with increased time of application of the short. Using 
as test vehicles, cells stored for 1 month at 72°C then discharged in the 
temperature range - 4 0°C to + 52°C several facts emerged on subsequent 
shorting at ambient temperature or 72°C. 

1 . No hazardous reactions of explosive violence occurred. 

2. On ambient temperature shorting only those cells pre- 
discharged at - 40°C and - 30°C vented. The latter 
occurred within 8 minutes at a wall temperature of 110°C. 

3. On shorting at 160°r those cells pre-discharged at - 40°C, 

- 30°C and 24°C all vented quietly within 5 minutes. The 
cells pre-discharged at 52°C did not vent exhibiting a 
maximum wall temperature of c82°C. 
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WALL TEMPERATURE (°C) 




II is nii.i.l) .*! ml i ; l In note Hi.it illO’Ct application of (Ifirr.c to 
v ■ '*• » ' * * 1 1 • • ••t* iii*i .i tun >i I mii ii< i ini uni Ciiiij*.' any explosions • Kolu- 

Itwlj i|u». : Kir 1111*1 i*l 1‘. 1 1 1 li i mii ji the cells w.ib noted hole however. 

It it. .. i* i tii it tiu Li/SUy system will not explode or cause u 

fire when short* .1 externally *»r internally. Obviously it is recommended 
that both mlivi.u.il evils ui I batteries he fuzed to avoid SO^, ejection 
f tori', the cells. In production, exhaustive quality control procedures are 
rountinely ipph* d to uvtuJ internal shorts. Moreover, the stability of 

7 

the system to adverse shod, and vibration tests has been well documented. 
Here again the ultimate safety device is a reproducible vent system com- 
bined with adequate F*J,^ "getters" . The former has already been developed 
a*. Mul lory and t ie latter art presently under investigation. 

c . Rover: ■ I J:r __ 

A condition may re., oily pievuil in a scries or seric s/parallel connected 
battery package with no diouc* protection wherein ar. inferior cell is driven by 
the series stack into voltage reversal. Tests to simulate this condition were 
conducted. Once again ir. selected tests, cells were thermally insulated to 
simulate operation in the middle of a battery package with inadequate cooling 
means. Cells (and battery packs) used as test vehicles had the same 
general backgroi nd of storage, and state of discharge as those described in 
previous sections. 

1 . : *Jon-di; charged/Ambient Temperature Stored ( 1 yr) Cells 

Cl 

I igure 2 shows typical results obtained or^l year old cell force 
discharged into voltage reversal at 1 amp. The power supply output voltage 
was in the range lf>-20V. Voltage, internal pressure, wall temperature and 
cell impedance profiles are reported. The cell delivered 9.1 Ahr to 2V when 
rapid polarization was observed, which increased with continued application 
of th j 1 mrp constant current until the cell voltage had gone into reversal 
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\1 PAiih 1* 


pv.lk'IU tit 1.4. .Hi / I * . I ||f. At Hi' I.t.ift ol dlSCh 4»M|f Hu cell Wall 
U'.np.'uioi ioi'. . . 1 * . » t • 1 1> t.' . -I‘V , tin- increase being t> I lc*t t • *cl initially 
in .i :r tl.i. me. .i »• in mt rn.il pr*. i mui to 55 |isi i after i hr. The cell 
in.pr.iuiw . w\»i.. m utly ti. 1 1 troin to 0 . It w. over this time pi r ioJ , An 
the BO.. w.i utili.n .1 in tin course ol ditchorgc the pressun fell c or res- 
pond iim ly whik at tciiip.r.ituii- and impedance remained constant. 


With tin ivigct ol rapid c ell polarization the coll impedance hi- 
crou.scJ, hut by a factor ol no more than ?.. Likcwiro th< wall temperature 
coubled anJ the c- II pr< ssuro increased. None ol these purumcti r:, how- 
ever exhibited substantial excursion Iron, the norm; all declined thereafter; 
arid the cc II did not even vent or change dimensionally. Tr.is loiter condi- 
tion prevailed e\ :,i on application ol the forced current lor a total ol 23 hr 
(or approximately 13 hr* alter voltage reversal) when the coll voltage was 
- 0.4V. 


The ciata n 1‘igure 3 report the results ol an exactly similar test, this 
time at 2 amps forced cii charge on a cell which was 13 days old (room tem- 
perature). The cell delivered an excellent capacity ol 9.J Ahr to 2V before 
the on. t ol rapid polarixati n. An initial voltage reversal to - 0.32V at 
5.0b hr was followed by a short pulse positive to 0.16V alter 5.15 hr lead- 
ing to a peaked reversal ol -1.0V at 5.3 hr (the 2A current still being applied). 
Thereafter the voltage stabilized in the region of - 0.75V. 

Whereas the cell pressure and wall temperature showed the trends re- 
ported in Tigure . this time the excursions were severe enough to initiate 
cell venting aftci 5.15 hr at a wall temperature of 155°C and an internal 
pressure of 425 psia. Note that venting occurred quietly and that no fires 


♦ 

1'oot note; Note that this is a condition which could never be realized in 
practice since in a 10 Ahr series package a current ol 1 amp could be forced 
through an initially dead ceil foi a maximum time of only 9.1 hr. 
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ORIGINAL FUJI: 1^ 
of Four qi'AUTv 

i . .:lt. . [ ilu* Vfiu w* i • .ji tiv.ite.l ui the d»*i.iyr. lie it uii 1 its oporo- 

lit; proven n> . n ,, i • • I y rr|i,'>b throughout oil our t< sting. Note 

turthei Unit tin. : « ij'i’ o', from <i venting Ci'll s< rve., •: >i further safety 

device t:ti to tli .lie , -fleet on the c< II a: sociutod with such escape! 

Once tie;,. nu tin.' , liven Ji. -charge conducted for a total period of C . 7 L hr did 
not re: uit in ans other h i. ur io is effects. 

It i: intcrr sting to note finally that even when forced discharged at 
1 c amp: thermally insulated fresh cells delivered 4.5-5Ahrs before venting 
quietly ut the point of precipitous voltage reversal. Subsequently the volt eje 
st ib:h. i. . at about - IV (from a sharply peaked reversal of about - 6V) . 

Again, n hacuros were encountered over the course of a tot<i 1 discharge period 
of t: min. 

Ugh Temperature 

liav.ng dcr.onf trated that the Li/S O. system was stable even when 
forced into volt.- „.c revere .1 for extended periods the question arose as to 
whether a similar stability would be encountered on cells stored beforehand 
at elevated tcm| cratures. Figure 4 recoids typical data generated here on a 
cell stored at B7°C for 102 days and then discharged at ambient temperature 
and 1 amp into voltage reversal (while thermally insulating the cell). 

The capacity output of G.3 Ahr to 2V was excellent after such severe 
storage. Paralleling our ambient temperature data the cell did not even vent 
or change dimensionally notwithstanding the fact that the total discharge 
period was 42 h; (approximately 34 hr under a voltage reversal condition!) 

V« r o found igai.n the same type (and indeed magnitude) of fluctuations 
in impedance and wall temperature encountered previously for the ambient 
temperature stored cells (cf Figure 2). Those parameters both doubled on 
first polarization of the cell, the L*rr.-fc peaking at only 46°C. The internal 
pressure which lirst increased to 57 psia gradually fell during the course of 
discharge and n mnined relatively insensitive to changes in the impedance 
jnd Wo 1 1 temper itur.» during initial cell polarization. 
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WALL TEMP. (°C) AND. INTERNAL PRESSURE ( psia) 



ORIGINAL PA(.i: ks 

01 IVil>K (R’ A I ITY 


I vat, , ti 'nji'Miuiv Mured I.i/m> colls I ho 


tli i ..i t 1 1 ‘i ! y | >ii' 1 1 i 

i.iO 1 o: 1: i.p otMy • • t • i initial p ,| t n. itton ih*vv :;|ow* I down suggestive 

i">l • iiiil r.i|' City v.P n i\\ i! .it ,i |ow< voltage I ■ • v • • I in • r. i r. Irotih edit. 
On l. nil i in i ■ lii|in in ,i cl. it Ik. ' of slop. in Hu voltage 1 1 mo pi o- 
liL on voltage i eve; uni of 1!. cell .liter 7.4 f.i . Only niter 11 hr at 1 amp 
when the* cell voltage was 1 ,3V wut» much more rnpid cell polarization 
again encounter \l thr Umc peaking .it - 4.2V. Within the period 7.4 hr to 
11 hr the wall u mpernture declined to 2ii°C! 


Su; : UintK.l increase. in internal pressure, wall temp raturo und 
nnpc ianci were now noted concurrent with the sharp peak reversal of the 
cell voltage . 1/ ore over when the voltage shortly thereafter stabilized at 
- 2.4'. n similar tendency towards stabilization of these three parameters 
wjs again onco; ntered. It is interesting to note that the peak values in all 
ih . parameter occun i at a point in time equivalent approximately to 
IOC cuj icily .. ilizatio.i of originally added lithium and SO,,. It is em- 
phasized t at nc ycntii..: occurred unci no hazardous e ffects were noted at 
this or later stages of ti,. voltage reversal of this or similarly tested ceils. 

The foregoing data indicated that any Mallory Li/SO^ cells may bo 
forced (by what' ver means) into voltage* reversal at ^ 1 amp with impunity! 

In the range 1A to 2A (and of course above 2A) no fire or explosive hazards 
may be expected on voltage reversal but the cells will vent. In these, and 
indee d all applications diode protection is recommended and with such pro- 
tection venting . houlri not be encountered. 

Our most recent data have confirmed these observations. For example, 
six Li/.SO. cells which h id previously been stored for 30 days at 72°C were 
connected in a sories/purullcl arrangement. The middle cell in one parallel 
ley (of 3 cells) i ad ici n pruviously discharged at 52°C. Under a forced 
discharge i»f 2 a nps the latter cell vented as expected! Subsequently in 
an exactly similar experiment this time incorporating diodes in series with 
each string of 3 , no venting of any cell was encountered. 
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d. Ch.i g 1 1 a OF POOR QUALITY 

k ’u/ i .si n< uci* with charging c»l L.i/.st » cells h.t:. n'.t been extensive 
un.i dt the out..et it is noted that we ci c> not recommend sueli abuse of the 
systen. It is tie relo.c advisable to diode protect batteries or single cells 
against such an event. Moreover it is desirable that additional protection 
be built inti each battery by judicious selection of terminal contacts. Setting 
aside these aspects the following has been our experience to date in this 
regard . 

A non-discharged , ambient temperature stored cell was thermally in- 
sulated and charged for 10.5 hr at 0.5 amps. It was then discharged at the 
same current for .?0 hr. The voltage reversed in the cours* oi this discharge 
after i8.2 hr and was -1.0' at the 20 hr mark. No cxplosi -ns or other 
hazardous reactions occurred as can be seen from liguie 5. There it is 
seen that during the charging period the cell voltage stabilized at 3.5V, 
presumably indie itive of Br^ evolution at the cathode viz 

2 Br » Br., + 2 e 

At the anode the corresponding reaction is 

l.i + ♦ e * Li 

It is further speculated that the released Br ? which is soluble in the elec- 

9 1 

trolyte migrates to the Li anode with the resultant reaction 

Br, + 2 Li » 2 Li Br 

Our studies on the re-chargeabihty of Li anodes in SO,, and other 
electrolytes indicate that re-plated Li loses a substantial portion of its electro- 
chemical activity. Therefore a reduction in cell capacity (from 10 Ahr) would 
be expected as a result of the charging and this was indeed observed in the 
present experiment (7.6 Ahr output to 2 V) . 
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OF POOH QUALITY 

i : i .1 '•u! ' i ’lit te st .1 |.i bO ( II stole i toi 13U cJ-iys <it ambient 
Xk ; ,•« i' n> v.-.is li riu. illy mr.ul 1 1 • . i md completely cJim Ii jim' .1 (to - U.fcV) 

.it u.:«A. ’ll H output v.'iu 9. I Ain to 2V. Ci'li inlcrn.il pleasure and wall 
tomp.iut mi v. ; i iicoivioi! coricuirently und trends observed are seen in 
figure 6. The tempi r.iture was ostensibly constant at 27°C showiny a 
slight ptuk tc» 37 :, C on sharp polarization of the cell. The* pressure fell 
during Jischuige with a slight peak at 19 hr to 48 psia. The discharge was 
discontinued after 18.4 hr and charging at O.SA commenced after 0.0 hr on 
open current stand. (19 fir from test initiation). The cell voltage rose 
sharply to 3.16V and climbed steadily over the next 20 hr to 3.4V. The 
internal pressure profile was a mirror image of that encountered during 
discharge illustrating th well known re-chargeable nature of the SO^ 
cnthoci . The wall temperature also followed the profile noted during discharge. 
In the 21st hour of charging the cell voltage Increased to 3.5 V and both 
internal pressure und wall temperature rose sharply after 21 hr. The cell 
ventc : with explosive violence at a wall temperature of »28G°C. 

The basic difference in these last two tests is that in the latter one 
a much greater quantity of (highly porous) freshly plated Li was generated 
on the anode. A* the point of cell polarization to 3.5V it would not be 
surprising therefore to expect a violent exothermic reaction between Br^ 
and this Li. In the absence of direct experimental evidence this is pre- 
sumed to have caused the above explosion. 

Somewhat surprisingly, in view of the above, two further tests in- 
volving charging at 0.5A of previously discharged cells resulted in no 
venting, no explosions or any other hazardous reactions. Both cells were 
stored before testing at 72°C for 30 days. One was discharged at - 40°C 
and the other at .!4°C. Charging of the former was conducted for 20 hr 
(10 Ahr input) and for 32 hr (16 Ahr input) on the latter. A maximum wall 
temperature of 5?°C was noted but no venting. 


158 







ncttm .i: ide itif ttpp.ii! ,t dichotomy in these d«i l • • it will irnmcu! alcly 
lv j,yp citiUvl tli.it tin* cifv ninstunri wherein pfi.viouL.ly • 1 j hurgcd cells 
jrc then cli. 1 . i< \v. • ltd be ni.ii.t unlikely ever to occur iri practice with a 
Li be', hath iy. Any improper count ction of colli, in u battery would result 
in Charging ol nou-dischartjod cells and this is apparently not a hazard. 
Onev again let ur emphasize that in any event protection would ho aflordcd 
by the dioder mid terminal contact geometry built into the system. 
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li ••v’, **»• • I ' <iiJ lull ry p. t rk,i n*f. Iron the Mallory ( ,. wore con- 
i. i In Al ii unit: ...id compr i bod «ill hermotn souls (wolds and 
gin; ■ i 'Ii. through ' together with a reproducible vt nt mechanism. 
Tlio#;*.- mu', a v.vi\ subject . to a senes c*t abuse tests many of which wen. 
conduct..* bcyonj the limit:, which would be encountered in field service. 

In most tests protect iv ■ device: such as fuzes and diodes were deliberately 
ornate. I t.< further charact n:- • any inherent hazards of the system. Data 
wore generated on units stored at ambient temperature and elevated tem- 
, ' 1 I | ( >, days at up tc H7°o. The unit:, 

rar.gcr. fro:,, fresh ones (non-discharged) to fully discharged ones. Prior 
discharges were coniucte'i over the range of - 40°C to ♦ 52°C. The system 
war shown to be safe- (non-cxplosivc) under all extremes of testing. A 
single* rxcxptior t • this v.as encountered on charging of an ambient tempera- 
ture siorvu coll previously deep discharged. Such an event is not likely 
to occur in pract.ce ana Cun in any event readily be counteracted by diode 
and terminal contact protection. The following specific conclusions re- 
sulted ire>rr. this work. 

a. Incineration of the Li/SO,, system at 540°C results in 
quiet venting and presumably quiet burning of any residual lithium. Direct 
application of flame to the system has the same effect. 

b. Short circuit of the system through a 0.001 A. load results 
in quiet venting which m ay be avoided by judicious fuzing. 

c. The system, even when thermally insulated, may be driven 
into voltage reversal for extended periods with no explosion hazards re- 
sulting even at 10 amps/cell. Reversal at 6 1 amp forced current in a 
series stack is safe and results in no venting, dimensional changes or 
explosions. At amps quie t venting may be expected shortly after voltage 
reversal bu: this may bo circumvented by judicious diode protection. 
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t 
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J igui? 1 
figure 3 


Figure -1 


figure 5 


Figure 6 
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e». .• *i i circuit oJ u thcrn.-<lly insulated U/i»<) !^-(Ul with vti.t 

through o O.CiOl v- loud ,tt V7‘’C. 

To'ced over-discharge jt 1.0 omp ol u thermally insulated 
Li 'SO,, D-ccIl with vent (1 year R.T. stored;. 

Forced over-discharyo .it 2.0 amps of a thermally insulated 
Ll/SO, D-cell with vent (13 days R.l . stored). 

Forced over-discharge at 1.0 amp of u thermally insulated 
Li/SO^ D-coll with vent (102 days 87°C store !). 

Charge-discharge cycle at 0.5 amp on a thermally irsulatcd 
Li/SO,, D-cell with vent (75 days R.T. store.!). 

Discharge -charge cycle <it 0.5 amp or. a thermally insulated 
Li/SO^ D-cell with vent (130 days R.T. stored). 
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TYPE PRIMARY LITHIUM ORGANIC 

NOMINAL VOLTAGE 2.92 VOLTS ± .05 

SERVICE CAPACITY (AT 70* F. TEMP TO 2.0V0LTS)7.5 AMP HRS 

(RATED CAPACITY AT 160 MILLIAMPERES 

AVERAGE WEIGHT 62 GMS. 2 19 OZ. 

VOLUME 40 C.C. 2 44 CU. IN 


NOTE 
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June 7, 1976 


Mr. Hunter McShan 
Telephonies 
770 Park Avenue 
Huntington, L.I., NY 11743 

Dear Mr. McShan: 

As a result of our phone conversation of June 7, 1976, 1 
am sending you the following attached information. 

(1) Product sheets describing the performance of the 
various available lithium cell sizes. Please be 
aware that these sheets describe the non-hermetic 
sealed cell, and are sent to you to describe the 
electrical characteristics of the various cell sizes 
which are the same as the hermetically sealed cells 
which we discussed. 

(2) Contract report on work completed for the U.S. Army 
Signal Corps dealing with the hazardous properties 
of the system. 

(3) A pre-print of a report to be presented later this 
month also dealing with abuse testing of lithium 
hermetically sealed cells. 

After you have read the attached, please call if you have 
questions, or would like to discuss your particular appli- 
cation in more detail. 


Sincerely, 


MALLORY BATTERY COMPANY 







Bruce McDonald 
Manager, Lithium Systems 
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system characteristics- 




Alkaline 

Manganese 

1 

Mercury 

Lithium 


1 

rriTT — 

Nominal 0 C V 1 50 V 

1 35 1 40 V 

2 95 V 

Load Voltage 25 Hrs 1 20 V 

— 1 

End Volts fc? 50 Hrs 0 80 V 

115 V 

h 

0 90 V 

2 82 V 

2 00 V 

Capacity 50 Hrs Rate 10 A- H 

18 A-H 

10 A- H 

°i of 50 Hr Rate 0 0 C 80' 

80' o 95 

C C of 50 Hr Rate @-29 C 40 

p 

o 

80 o 

Watt Hrs Lb 42 

56 

150 

Watt Hrs , Cu In 3.6 

" j 

64 

8.7 


Zinc 

Carbon 
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EVALUATION OF 1 I CHTWII MIT 
HEADSETS FOR SPACE S ' 'TT1J 
APPLICATION 


CONTRACT « NAS-9- 14S... 
D VTA ITEM - MA-129T 


OCTOELR, 19 76 


TELEPHONICS CORPORATION 
770 PARK AVE. 
HUNTINGTON, NEW YORK 
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176 


TAB I \ 01 ( PNTKN1S 


1 . 
II . 


Ill . 


A!' ' t r.n t 

li ft -r.il Description of HrmKets 
|i> >• ! i i t i .i’i oi Test Method ' 

1 . Intelligibility 

A. Earphone* 

i . General 

ii. Screening of Subjects 
ill. Training of Subjects 

B. Microphones 
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( . Subject Audi ov* rot is 
P. Microphone Measurin'.*. System 
K. Karphonc Miosuriuj System 
i . R.iv Dni.> 



178 





* OiVtfcO** Of IN»T»UM»*» $T|Tfw« C0«»O»A T '0*. 


ABSTKA1 I 


J'h« ob|e t! « * if t h I study wore to obtain t orn* 

1 i pj’twt I . ! t hiids»t«. c rn-ntly hi in;' manufactured and eva 1 ua t ' * 

fot : 


Inti mobility 
Frequency Response 
So 11 i t i v i t v 
Di ‘■tort i mi 

N( • i si I so I «*• | 

At oust I C pua 1 1 1 
We i c.h t 

Wearer Comfort 




Thirt' two letters, a sample of which is in Appem * . . 

were sent to*™ 'sctmr* fSct Appendix B) of commercial and - : H • 
headset-. Fivt of tho • nufacturer s responded affirmatively wi' 
a total of eight headsets for evaluation. 

Each headset was ran- ordered for the categories when 
statistically significant numbers were obtained. Subjective co: — < *t 
were good, fair, or pnor when applied to human factors critique*. 
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Mnnu f m 1 1 rcr : 
Mode 1 # : 

Mi crophcr e : 


Scnohr i <*< 
HMD 1 10 
Dynamic, <■ 
< a rd 

f if' H’ » ir; 


Earphone 


ORIGINAL PA. : 
OF POOR QI i 


Manufac turer : Telex 

Model «: TAH-29 

Earphone: Supraaural, dynamic 


: M '(SSL 



Ko/inwi ! I 

12S6IO 

Magnetic, fir'-t 
order gradient 
Magnet i e , ri r <. - 
mnurn 1 


ORIGINAL PAGE IS 
OK POOH QUALITY 


Mm* i f tiv t 1 r i : 
Mode I « r 
Mi crophone : 


Earphone : 


Manufacturer: Telex 

Model A610 

Earphone: Circumaurai , 

magnetic 
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Minufact urer 
Mode 1 ft : 
Microphone : 


Senn'K- 1 s«- r 
HMD U\U 

Dynamic, super 
cardiod 

Supraaura 1 , dyna 1 i < 


Ea rphone 


Manufacturer : I’nex 

Model «: HS-2A 

Earphone: Single ear insert 

magnetic 

Microphone: Electret, First 

orde»- gradient 





II . 


Pi >ij ipt •for .■») 1't's t M e t li 4>« 1 «- 

. f . •. . . V • .* . 



'• . Ear joane* 

Th» tp t hod of nvasuremet t presented herein v.a- th<. r 1 - 
( phonetical 1 v bn lanced) monosyllabic word tests. The subjects 1 i • t< ne 
in a quiet and in a noisy environment. 

° Cent ra 1 

Five subjects were used i r. the testing. The listener^ 
were seated in a semi reverberant room isolated 'rom the talker. 

The talker used a B&K V condenser microphone wi'h a foar brent 1 
shield. The talker held the breath shield to hi.- oi her lips 
and simultaneously viewed a VI’ meter to insurt uniforrr taHer 
sensitivity for the duration of the testing. The listeners were 
allowed to adjust the volume level for each test until a comfortah < 
level was achieved. 

Each headset had 5 listening tests in quiet and 5 listen- 
ing tests in 90 dB of white noise. 

Actual measurements in the listening room were as listed 

in Table A. 


TABLE A 


S.L.M. 

SETTING 

QUIET AMBIENT 

NQISE AMBIENT 




(DB) 

(DB) 

A Weighting 

36 

91 

C Weighting 

63 

91 

31. 

, 5 j 

(HZ) 

65 

63 

63 



52 

57 

125 



47 

67 

250 


OCTAVE 

37 

81 

500 


\ BAND 

32 

85 

1000 


CENTER 

22 

84 

2000 


FREQUENCIES 

22 

85 

4000 



22 

86 

8000 



22 

76 

16000 

J 


24 

65 



A OVI**0* C* INfTBUMfNT gVSTtUS CO«*0«ATiO* 


Screening of Subject 


OKIGIMAL FA 
of pock ou; 


• ‘•uhjecls were selected on the basis of an audiomet ric 
exaiinai. < Audi ncra*"® are in \ppendix C>. Tie le*-t* wen 

perforr* » certified audi omet r i «t . The hearing loss of the 

select*. i • t s die! not average more than 10dB. 

!. talker*' and listeners had no speech defe ts r 
strong .u . » ts. The subjects were used no more than 1 hour t.a? 
day to j »i >■. *>t inattentiveness an ) biased results whi' 1 can 
lengthy :* physical testing.. 

° Trainin'., of Subjects 

he subjects were trained by reading PB word list- to 
each ot * *,uiet • f fl ce to face communication, wi thou t the e sc 

headset !i. c procedures were repeated until 9* or better 

score;- • i "versally achieved. 

subjects were then trained using a B&K consent! 
microphone in a Kos? ESP-9 electrostatic headset until the sa-c 
scoring off iency was achieved. 

I; . Mi crophones 

fee method of measurement used the same subjects and 
ambient a« • ^ - used for the earphone testing. 

'me talker was seated in the semi reverberant ro~>- 1 c 

the listener was isolated in another room. The listener used a 
pair of Ko.-r ESF-9 electrostatic earphones and was allowed to adjust 
the level until comfortable. 

The talkers positioned the microphones \ inch from their 
lips and were presented with sidetone to the headset. Five tests were 
taken in quiet and in 90 dB of white noise. 
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A O' VIS' ON O* INSTAlHrffN* t^triMS CONVOLUTION 


I’rc'iucm y Response 7 Sens j t i vi t y 
. M i c r ephone 


ORIGINAL I ' 
0F POOR ( 


A < > 11 « t « n I SIM of 44dR w.i used to ext i ti tin* m i r » j • >•>« 
under test . \ IU.K system illustrated in Appendix [) was used t-> 

sweep tne In ijik'iu v and to record tin microphone output. Th< 
tivity was i it tirdcd ns K/P. 

Hu microphones wcre ( m •osored uncier operi '.if . j* -• '* , o-v 
The sensitivity in dB re iV/N/m^ me! the K.O.L. ratir. r«- l 
on the re«p »nst curves The L.O.I. r.itinu will giv< t 1 • • • i ' 

do to in tt'" s ’l power to allow .-omparison of thi mitropn nr 
with different impedances. 

i .0.1., * 20 log E -10 I ol* R + 24 

(Effective Output Level) 

where f « open circuit microphone output in vt Its when L! 

is 10 dynes / err'* or 1 Newton / n- ) or 1 Pasc al or 
94dH SPL. 

R - microphone impedance in ohms. 

B . Earphone 

A constant source of 1 milliwatt was fed to the ear. 1 • c 
under test. A General Radio system illustrated in Appendi • ! wa 
used to sweep the frequency and to record the earphones output. 

A flat nlate coupler using a B&K \ inch microphone was 
used to couple the headset to the recording microphone. The earphone 
response curves shown in the DATA SECTION are not to be construed 
to represent how the ear senses the earphona output. There is, at 
present, no coupler that can claim recognition as a true "artificial 
ear" although some do approximate subjective data at the lower 
frequencies. The curves are taken so that .in A/B type co’rar:s: r 
can be made between earphones as to their general efricienc ar 
frequency response. 



1 8 f> 


* Oivi»iO* Of SrSTfMS - 


\\ 7 . usiiv ' • 
Hewlett I’. '• 
at 100 dB 
mea surem« 


6i'F dowi 
input SF1. i 
prec i s i on 
the readin 
vol tage » 


meter met' 
a preci si i . 
directly o. 


O /Mr..,. 

OF i> til Mi; tz- 

bistort i i >n 

t irtion measurements were made at 100, 1000, and 1000 
ti t setup described above with the addition of a 
.! model 333 distortion analyzer. The SPb was held 
■< microphone and from the earphone for the distortion 


I npedani c 

impedance of the microphone was measured j in t k * 
i.e., the open circuit voltage w a« measured f r 
• dB. The microphoie output wa c then loaded with a 
.■Me resistor. The microphone impedance was taken a 
iible resistor indicated when the initial micron- 
was attenuated 6.0 dB. 

irphone impedance was measured using the dual v- 1 1* 
die current in the ci rcui t below was measured usi n_- 
hm resistor. The earphone impedance was then read 

: < r :t 2 . 
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I AKPHONI IMIM IVWCI 'M 






111 . 


Pit •'» Se< t i in 


A. Hrtnk Order of Earphones for Intelligibi 1 1 ty 

Isolation. (The best intelligibility in 
toise condition is deemed the best noise 
solation and is not to be construed as noise 
itcentuation of the heads»t.) 


7 INTELJJj'I HI L 1 TY 




oi m (X) 

vr 

N01SI fX) 

sr 

1 . 

TAH-29 

9 6 . 8 v 

3.03 

92. 7 

3.76 

9 

• 

125610 

96 

2.8 

76. j 

23.5 

3. 

HMD11C 

94 

7.1 

70.4 

16.5 

4. 

5 x 5 

95.6 

4.6 

60 

21.5 

5. 

I.T-730 

96.5 

1.0 

51 

25.4 

6 . 

HS-2A 

95.2 

3.6 

50 

11.0 

7. 

HMD414 

97.6 

2.6 

44. > 

12.9 

8 . 

A610 

92 

3.2 

15. ♦ 

9.3 


The statistical significance of the various measurements 
is shown in Appendix F together with the Raw Data. 

B. Rank Order of Microphones for Intelligibility 
Noise Isolation 


7 INTEL! ICIBILITY 



Ol’IFT (X) 

iiU I - 1 . 1 1 v.» i r. 

11 LI 11 

NOISE (X) 

_a r 

HMD110 

98.47c 

1 . 677. 

95.27c 

2.68 

5 x 5 

98.0 

2.45 

94.0 

3.16 

HMD414 

98.8 

1.8 

87.2 

9.9 

125610 

97.6 

2.2 

82.4 

16 

HS-2A 

95.0 

2.2 

81.0 

4.5 

LT- 730 

98.8 

1.1 

74.8 

11 


C. Microphone Frequency Response and Sensitivity 
Figures . 
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E. 


Impedance 


HKADSH 

MKROPHONE (OHMS) 

EARPH0N1 (SINGLE) 

1 . 

HMDl 10 


245 

200 

2. 

HMD4 14 


235 

2500 

3. 

HS-2A 


1000 

740 

4. 

3x5 


40 (from deco 

pi in ’ 980 




circuit ) 


5. 

A610 


No Mi-- 

270 

6. 

TAH-29 


No Mir 

320 

7. 

LTV- 7 30 


300 

270 

8. 

125610 


190 

280 


F. 

Headset Weight (Lightest to 

eavic s t ) 

1 . 

HS-2A 

33 gr. ns 

±107 


2. 

5x5 

210 gr. ns 



3. 

A610 

240 gr. ns 



4. 

HMD414 

330 grans 



5. 

125610 

345 gra is 



6. 

TAH-29 

360 erans 



7. 

LT-730 

430 grans 



8. 

HMDl 10 

436 grams 





G. Distortion 




The microphones and earphones measured less than .57, 

distortion at 

the 100 dB S >L 

le- el. Since the noise figure of the 

B&K 

microphone is 46 dB SP « 

equ valent, the 

lowest distortion measire- 

ment 

possible 

is .27c for t le 

ea phones . The 

Artifical voice of 

Bd*K 

is rated 

at "less than 1%. It was determined that the distortion 

levels of all 

microphones and 

ea: phones were satisfactory. More stringe 

measurements were deemed 1 

bey >nd the scope 

of this report. 
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I. Wearer comfort 



The subjective comments concerning we.irer comfort were 
teVen after the headset had been w>rn in the test for Intel 1 igibi 1 i .v . 


TAM-29 
H>U)1 10 
HMD414 
I TV- 7 30 
125610 
A610 
HS-2A 
5x5 


SOB MC I 

\ 2 3 4 5 
G 7 C F G 
P G F F F 
P G G P F 
G G G C G 
F G G F F 
F G F F F 
P G G F F 
P P P P P 


AVG 

G- 

F 

F 

C 

F+ 

F 

F+ 

P 


P - POOR 
F - FAIR 
G * GOOD 




t .iGINAL PAGE IS 
Ui-' POOH QUALITY 


770 PARK AVENUE HUNTINGTON NEW YORK 11743 
|5if 549-6000 TWX SW 226-C983 Cable INSSYSTHTGN 




Gt.itler.fc!) : 


n 


Toiophoni ct nr. recently bec-u awardc- u Govt-mr int c'n.tru:.t U * . 

r.ii.jfiic t .rc a statc-of-tne-urt u..io corv .t.iculio.. cyttc. lor . ■ 

bu.ttie proprut. 

One asnect of t..i3 effort will oc to evaluu'e a light vein»t neu .s< t 
(consisting of noise canceilinr r.icropnonc and earphones ) currently 
available for parureters v.tich wij.1 include intelligibility , frequent y 
response, sensitivity, distortion, noise isolation, acoustic 4-ality, 
reliability, weight, wearer cor.fort, maintainability, and Ci.viroiu.t.i-. 
stanina. 

V..e test conditions have not Lett, forr.ally defined at this tint, novcvei , 
al. heaists will uc testeu under identical conditions using Ahb* <. r 
military test procedures. It is ..oted that Telephonies docs not «./t a 
neadset which will jc part of this evaluation program. 

If you feel that you have a hoadcct(s) s .itubl': for the Space fn-tt-t 
program, we wo-ld appreciate receiving u tt;hnica. description, toyctJ .< r 
with nrice and uelivery quotation for ar. cvrluutior. unit at your oiriKit 
convenience. 

Linccrely, 

r * 'TIT'* ’C * **4 9 4 n ^ 

Instrument cys tens Corporation 


ou . T oscelyn 

Au.io Products Lnrineerinc ilauaper 


DIVISION OF INSTRUMENT SYSTEMS CORPORATION 


APPENDIX B 


I 1ST 01 MANITACTUREHS SOLICITED 


I >*>!< WAUTY 


A<W*c Inc. 

David Chirk 
Sennhei se » 

J. Kay Morris 
Tibbetts Industries 
Bolt Beranek (, Newman 
Dyna Magnetic* Devices 
Allen Tel Products 
Altec Corp, Altec Div. 
Applied Magnetics Corp. 
Astatic Corp. 

Astrccom Electronics Inc. 
Audiosears Corp. 

Avid Corp. 

J.C. Carter Co. 

Conrac Corp., Turner Div 
Dobbs - Stanford Corp. 
Dukaro Corp. 

Electro Vox Industries 
Gulton/Electrovoice Inc. 
Knowles Electronics 
Koss Corp. 

Lear Siegler Inc. 
Matsushita, Panasonic 
Mura Corp. 

Murdock Corp. 

Philmore Mfg. Co. 
Plantronics Co. 

Roanvell Corp. 

Rye Industries 
Scintrex Inc. 

Telex Corr nunicat i ons Co. 
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HMD- 110 
MICROPHONI 


^ J . 1 1 


X 

X-> 

(x-x/ 

98 

-.4 

.16 

98 

-.4 

.16 

100 

1.6 

2.56 

96 

-2.4 

5.76 

100 

1 6 

2.56 


492 11.2 


X - 98.4 

V ■ 2.8 

CT * 1.67 


N01SL 


X 

X-X 

(X-X) 

100 

4.8 

23.04 

94 

-1.2 

1.44 

94 

-1.2 

1.44 

94 

-1.2 

1.44 

94 

-1.2 

1.44 

476 


28.8 


X - 95.2 
V - 7.2 

IT = 2.66 
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3x5 

MICROPHONE 


Or I ' ! 


X 



(X-.Y ) 2 


98 0 

94 -4 

98 0 

100 2 

100 2 

490 


X - 98.0 
V ■= 6 
<r =■ 2.45 


0 

16 

0 

4 

_4 

?4 


NOISF 


X 

98 

90 

92 

94 

96 

470 



X = 94.0 
V - 10 

3.16 


16 

16 

4 

0 

4 

40 
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2 28 


fO 


01' I I I 


I.T- 730 
M1CR0PH0NF. 


X 

x-x 

fX-X) 

98 

- .8 

.64 

100 

1.2 

1.44 

100 

1.2 

1.44 

98 

-.8 

.64 

98 

-.8 

.64 


494 4.8 


X - 98.8 
V - 1.2 

CT- 1.095 


N01 SF 


X 

X-X 

(X-X) ? 

64 

10.8 

116.64 

78 

3.2 

10.24 

64 

10.8 

116.64 

90 

15.2 

231.04 

78 

3.2 

10.24 

374 


484.8 


X « 74.8 
V -121.2 
CT~ - 11.0 
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HMD414 

MICR0PH0N1 




or ij 


x 


i or- 

100 

98 

1 oo 

96 
40 . 
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x-x 

(X-X) 

1.2 

1 .44 

1.2 

1.44 

- .8 

.16 

1.2 

1 .44 

-2.8 

7.84 


1 ? . 34 


y • 98.8 
V « 3.08 

0"’ 1.75 


NO] Sr 


— 

X-X 

(X-X) 

90 

2.8 

7.84 

72 

-15.2 

231.04 

98 

10.8 

116.64 

84 

- 3.2 

10.24 

92 

4.8 

23.04 


436 388.8 


X - 87.2 
V * 97.2 
CT- 9.85 
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1 2 S #» » 0 
Ml '• 


?. >6 


I 


< X-y)* 



1 1 .6 

134.56 

a(> 


5.76 

5* 

26.4 

69 6.9 f- 

86 

3.6 

12.96 

9 

1 3 6 

184.96 


1035. 0 


X * R2.4 
V - 258 8 
-c 16 
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23: 


J 


•v, ’! i I 

X 

98 

92 
96 
94 

93 
473 




HS-2A 
MI CROI’HONf 


x_-_x 

i 

-3 

1 

-l 

0 


X • 93.0 
V ■ 3 

CT - 2.33 




< X-X) 

9 

9 

1 

1 

0 
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TAH 9 
EARPNONK 
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OTH l 


< 


x-y 


< / . y i ' 


9? 

90 

98 

9* 

KM' 


- • . H 

- .8 

I .? 

| l 
• 

l. » 


23.04 
04 
I 4 


• i 

V 9 

fl 'll 



x-7 


98 

5.R 

l .' 

94 

1.8 

• i 

90 

-2.2 


90 

-2.2 

• . * * 

89 

-3.2 

in. :» *» 

481 


>8 . M 


9?.? 

- 14 2 
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1.6 

2.56 

3.6 

12.96 

2.4 

5.76 

2.4 

5.76 

.4 

.16 


27.2 


7.6 

6.8 

2.6 


>:-x 


5.2 
-4.8 
-14.8 
19.2 
- 4.8 


X - 44.8 
V -165.2 
2.85 


( X-X) 


27.0- 

23.0- 
219.04 
368.64 

23.04 


660.8 







I 

5x5 

EARPHONE 

Ol'l FI 


X 

x-x 

rx-x) ' 

98 

2.4 

5.76 

98 

-7.6 

57.76 

96 

.4 

.16 

96 

.4 

.16 

100 
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1.0 


Scope 


This report covers the results of performance tests that 
were conducted on April 4, 5, and 26, 1977 cn the wireless microphone 
for the Space Shuttle Program. These evaluations were performed in 
a shielded enclosure and in an open laboratory as outlined below: 


° The testing in the shielded enclosure measured the operating 
range of the wireless microphone system at various locations 
in the enclosure, with various alignments of the transmitter 
antenna in reference to the receiving antenna, and with 
the antenna aligned for minimum coupling. 

0 The testing in the laboratory was to establish the minimum 
RF level at the band pass filter output for normal system 
operat ion . 

2.0 Test Location 


The tests covered by this report were performed in 

a) Copper screen shielded enclosure manufactured by 
Ace Engineering and Manufacturing Company. The 
enclosure inside dimensions are 19.5' x 19.5' x 
9.5' high. 

b) The laboratory area at Telephonies Corporation. 

3.0 Test Sample and Test Equipment 

3.1 Test Sample 

The test sample consisted of one transmitter and one receiver 
unit. The transmitter unit was powered by a battery pack and the 
receiver unit by a 60 Hz power supply. The transmitter unit is identi- 
fied as Prototype Serial #1 and the receiver is Prototype Serial # 1 
without ICON function. The receiver was modified by the installation 
of a transformer at the output of the band pass filter. This four to 
one auto transformer output was connected to a VTVM that provided for 
voltage measurements of the RF energy level in each receiver. 

3.2 Test Equipment 

The test equipment used for the shielded enclosures portion 
of this evaluation is: 


0 HP 400D ISC #120177 Cal due 6/10/77 
0 HP 400 HR ISC #120631 Cal due 6/10/77 
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Thc following additional test equipment was employed fnr 
the laboratory area: 

° HP 654P ISC 120464 Cal due 10/4/77 

° HP 400CL ISC 121042 Cal due 8/11/77 

° HP 3581C ISC 122105 Cal due 6/10/77 

° HP 3593A ISC 120918 Cal due 6/4/77 


4.0 Test Procedure 

4.1 Shielded Enclosure Tests 

A block diagram of the basic test setup is shown on Figure 
01 of this report. 

The location of the receiver and transmitter within the 
enclosure is shown on Figures 02 and 03. 

The following outlines the procedure used for all 
measurements : 


° RF voltage level was measured at the output of the band 
pass filters with VTVM. 

° Alignment of the receiver transmitter antenna is noted on 
each data sheet. 


0 Physical location of transmitter ar.d receiver within the 
enclosure is shown on Figur* 02 and 03 with the applicable 
figure noted on the individual data sheets. 

The data for this evaluation are recorded on Data Sheets 1 
through 23. 

4.2 Laboratory Are^ Tests 

The purpose of this evaluation was to measure the relation- 
ship of the RF level at the band pass filter output to the receiver 
audio output. A block diagram of the basic test setup is shown on 
Figure 04. 
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Thc following outlines the setup and measurement procedures 
used for this evaluation. 

1. The receiver was modified by removing the antenna and 
using a loop of wire approximately 2" diameter. 

2. The transmitter RF signal was modulated with a 455 Hz 
signal at an input level of iOO uv. 

3. The transmitter and receiver antennas were aligned to 
provide an RF level at the band pass filter at a pre- 
determined level. 

4. The RF level was measured and recorded as was the audio 
output level. 

5. Testing was also performed to measure the loading 
effect resulting from the transformer that was installed 
at the band pass filter output. 

The data from this evaluation are tabulated on Data 
Sheets #23 and #24. 

5.0 Results 

The following paragraphs outline the results of this 

evaluation for each test setup. 

5.1 Shielded Enclosure 

5.1.1 Test Setup per Figure #2 with TX on Line 1 

The data for this evaluation are tabulated on Data Sheets 
1,4,5,10, and 20. The results are outlined below: 

a) Data Sheet #1 indicates that, with this setup, the 
system had an effective operating range greater than 
15 feet. The measured RF level at 15 feet was 50 
and 54 dB above one microvolt. The measured system 
threshold (Data Sheet #24) was 40 dB uv or 10 to 14 
dB less than was possible with the test setup used 
for the shielded enclosure tests. The range increase 
for 10 dB is equal to a ratio of 1.47 or 22 feet and 
a ratio of 1.7 or 26 feet for 14 dB. 
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b) Data Sheets #4,5,10 and 20 are similar to Data Sheet 
#1, indicating an equivalent range. 

These test results, in reference to similar tests that 
were performed in open areas at Telephonies, indicate 
that the range was decreased from approximately 30 feet 
to 24 feet when the system is operated in a metal 
enclosure . 

5.1.2 Test Setup Per Figure M2 with TX on Line 2A - 2B. 

The data for this evaluation are tabulated on Data Sheets 
2,3,6,9,15,21 22 and 23. The results are outlined below. 

a) Data Sheet M2 indicates that, with this setup on Line 
2A, the system had an effective operating range of 
greater than 15 feet. The increased range is in the 
order of 22 feet. Data with the TX on line 2B indicates 
that the levels are lower when the TX is located in 

the corner of the enclosure. 

b) Data Sheets #3,6,9 and 23 are similar to Data Sheet M2. 

c) Data Sheet #15 has the data with the transmitter next 
to the floor and wall of the enclosure. At a range of 
7.2 feet, the RF output level was 8 to 10 dB above 
threshold for a calculated range of 10.5 feet. 

d) Data Sheet #21 has the data with the receiver on the 
floor 4 feet from the enclosure corner. The trans- 
mitter was next to the enclosure floor and wall. These 
data indicate that the system range was limited for 
this condition and that the field attenuation did not 
conform to a distance cube function. The field attenua- 
tion is 4th to 5th power of distance. The calculated 
range for this conf iguration is 6.5 to 7.5 feet. 

e) Data Sheet #22 has the data with the receiver on the 
floor and the transmitter on the floor 28" from the 
wall. These data indicate that the system range is 
between 6.2 and 8.1 ft. Correcting the range, using 
the data from data Sheet #24, results in a range of 
10.6 feet. 
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5 . 1.3 


Test Setup per Figure #2 with TX on Line 3A and B 


The data from this evaluation are tabulated on Data Sheets 
#7 and #8. This test was performed on a 2 and 3.66 foot spacing. The 
data does not show a major difference between Line A and Line B. 

5.1. A Test Setup per Figure it 3 with TX on Line 1. 

The data for this evaluation are tabulated on Data Sheets 
#11, 13, and 14. The results are outlined below: 

a) Data sheet? #11 and #14 indicate that the system effective 
operating range is 4 to 6 feet. Correcting the range 
using the data from Data Sheet #24 results in an effec- 
tive range of 7.7 feet using the data from Data Sheet 
# 11 . 

b) Data Sheet #13 indicates that the range is increased 
when the transmitter is moved away from the enclosure 
wall and floor. The effective range is 8 feet and 11.7 
feet with correction. 

5.1.5 Test Setup poer Figure #3 with TX on Line 2. 

The data for this evaluation are tabulated on Data Sheet 
#12. The results indicate that the system effective range is between 
6 and 8 feet. The effective range is 10.6 feet with correction. 

5.1.6 Test Setup per Figure #3 with TX on Line 3 

The data for this evaluation are tabulated on Data Sheet 
#16 and #17 and outlined below: 

a) Data Sheet #16 indicates that the system effective 
operating range is approximately 10 feet. The effec- 
tive range is 15.25 feet with correction. 

b) Data sheet #17 indicates that the system effective 
operating range is 10 feet. The effective range is 
16.5 feat with correction. 

The above indicates a small improvement due to spacing 
the TX away from the floor. 

5.1.7 Test Setup per Figure #3 with TX on Line 4. 

The data for this evaluation are tabulated on Data Sheets #18 
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and #19 and outlined below: 

f) Data Sheet #18 indicates that the system effective 

operating range is approximately 10 feet. The effective 
range is 17 feet when corrected. 

b) Data Sheet #19 indicates that the system effective 
operating range is increased to 12 feet when the Tx 
is moved away from the floor. The effective range is 
17 feet when corrected. 
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